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Studies of the Phylogeny and Classification of 
Long-Tongued Bees (Hymenoptera: Apoidea)^ 

ARTI RO RoIOAlSIXA-’-^ and ChARI.es D. MirHEXFR^ 

ABSTRACT 

Phylogenetic analyses of long-tongnetl I)ees were made using up to 82 taxa, 131 adult t haraclers, and 77 lan al cluu- 
acters. Only two families of long-tongued bees are recognized, Megacliilidae and Apidae. 44ie Parariiophitini and f i- 
deliini form a subfamily, Fideliinae, ofMegacliilitlae. Tlie subfamilies of Apidae recognized are Xomadinae, Xvlocopiuae, 
and Apinae. The tribes Isepeolini, Osirini, and Protejjeolini are part of the Apinae, not part of tlie Xomadinae. Protcpe- 
olus is a junior synonym of Lciopodus. The tribes Eugiossini, Bombini, Apini, and Meliponini form a distinctive clade aris- 
ing from within the subfamil) Apinae. The Ctenoj^lectridae is reduced to tribal status within the Apinae. The Exomalopsini 
of authors is dismembered, forming the tribes Exomalopsini and Tapinotaspini, and the genus /\/?o’/osrc//5 Joining the 
Emphorini as a subtribe. Etuetinoda is included in its own subtribe in the Eiiceriui and the Ancylini are lentati\elv sepa- 
rate from l)ut close to the Eucerini. Xew iamily-group names (tribal and subtribal) proposed are llexepeolini, Braclnno- 
madini, Tapinotaspini, and Ancyloscelina. 


IXTRODUCTIOX 


Despite many studies, the classification and phylogeity of 
bees has never reached a stage at which most authors could 
agree on one classification and one probable phvlogenv. In- 
tuitive processes have led to diverse systems rather than 
one system. I he problem is particularly acute among the 
long-tongued (hereafter L-T) bees (defined below), the 
higher taxa of which seem less differentiated than the cf)iu- 
monly accepted families (or sul^lamilies) oi slu)i t-tongued 
(S-1 ) bees. We therefore selected the L.-T bc*es for cladis- 
tic stud\ to see if more satisfi ing results could be obtained. 

The L-T bees include the forms often placed in the fam- 
ilies Anthophoridae (including Xomadinae and Xylocop- 
inae), Apidae, Eideliidae and tlie genus Pararhophites, and 
Megacliilidae; as discussed below, the fiimilv Ctenoplectri- 
dae should also be includetl. 

The expressions L-1’ and S-T are in many ways inappro- 
priate (Mi( hener and Greenberg, 1980; Laroca et al., 1989), 
for there are L-T bees with sliort glossae and S-T bees with 
long glossae. The L-T bees constitute a monophvletic group 
ordinarily characterized by having the first two segments of 
the labial palpi elongate and flattened, forming with the 
galeae a sheath around the long glossa that is involved in 
the nectar imbibing process. Palpal segments 3 and 4 are 
small, directed laterally, and not flattened; occasionallv 
they are absent. The monophylv ol the L-T bees is further 
indicated by the other characters on Cladograms 1 and 2 
that show L-T bees as the sister group of the Melittidae. 

For some time it has been known that among parasitic 
Allodapini there exist species obviously i elated to the L-T 


non parasitic allodapines but without long flat basal seg- 
ments of the labial palpi and with the glossa relative^ sln^rt. 
This trend reaches its extreme in the South African para- 
sitic genus Eucoud^lops (Michenei , 1970). The parasitic al- 
loda))ines are mosth not known to \isil flowers; they must 
feed in the nests of their host bees, other allodapines. l luis 
they do not need ecjuipment for extracting nectar from flow- 
ers, and appear to have lost it. Likewise, as emphasized by 
Silveira (in press), the genus Ancsla, which \isits shallow-flow- 
ered Apiaceae (Popov, 1949), has no long flat segments of 
the labial palpi, and \ci it seems to be a close relative of 
Tarsalia, an obvious L-T bee (see Siheira, 1993). Warncke 
(1979) separated Ancyla and Tarsalia onh subgenerically. 
Finally, CAenopUrtra, often given familial status because of its 
combination of c haracteristics of L-F bees with labial palpi 
of S-1^ bees (Michener and rireenl)erg, 1980), clearly is a 
member of the L-T bee clade (see Results); it probabl)' lost 
the palpal characteristics of that clade. It follows, then, that 
our study includes members of the L-T bee clade, whether 
or not they actually have the long, flattened segments of the 
labial palpi. Of the three taxa listed above, however, onh 
Cteuoplcctra was included in the claclistic analysis; the oth- 
ers ai'e too rare to dismember for detailetl study and more- 
over, their relationships to obvious L-T bees are clear 
(Eiicotidylops to Allodnpula, Ancyla to ParsaHa). 

In addition to characters of adults, on which earlier clas- 
sifications have been based, we ha\'e considered lanal char- 
acters; we examine ph\logenies based upon adults, upon 
lanae, and upon the two stages together. In realiu, partlv 
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because they are siill known only Iroin a limited number of 
liixa, die lanae conirilmied i elati\eiy little to our conclusions. 

The following abbreviations are used throughout this 
work: 

L-T long-tongued 

S-T short-tongued 

Tl, T2, etc. first, seccmd, etc. imnasomal terga 
SI, S2, etc. first, second, etc. metasomal sterna 
In the plnlogenetic analyses, 1. ^ tree length, number 
of trees, ci = consistency index, and ri = retention index. 

A( :kno\\ LKDf ;m KNTS 

Our work was greatly facilitated bv National Science Founda- 
tion grant hSR87-Ki817 ((". 1). Michener. principal investigator). 
Prej^araiioM of die cladograms in form f or |)ublication waslargeU 
by Douglas Vanega. F'oi editorial and hihliograjihic help, ue thank 
X'irginia Ashlock. A. R.-A.'s work in Lawiamce was possible thanks 
to the Organi/aiion of American States and the ("onsejo Nacional 
de Investigacioiies Cientificas ) Tecnicas, Re|nihlica <le Argentina. 

We appreciate die opportiniitv to discuss methodological and 
other problems with B. Alexander, J. S. Ashe, and S. Reyes of the 
Unis ersity of Iv\nsas. 


HISTORY OF THE CLASSIFICATION OF 
l.ONCTTONGL ED BEES 

1 his section is by no means an exhaustive treatment of 
the histoiy of apoid classification, or classification olT.-T bees. 
We limit ourselves to se\eral classifications to illustrate the 
diversity of opinions, and to some more recent works that 
have a direct bearing on our work. We also limit ourselves, 
in this section, to adult characters since characters of 
immature stages have not played a major i ole in bee classi- 
fication. 

In his great work on British bees, Kirby (1802) distin- 
guished L-T fi'om S-T bees, using a generic name for each. 
Apis and MeJitia i cspecti\ely. In the same year Eatreille 
(1802) recognized the same two groups as families, the 
Apiariae and Andrenetae. Subsequent authors such as Smith 
( 1 853) , Cresson (1887) and Warncke (1977) recognized the 
same two families, Apidae and Andrenidae. 

There were, how'e\er, di\ergent opinions. Eepeletier 
(1836, 1841) and Schmiedeknecht (1882) classified bees on 
the basis of habits: solitaiy, social, and parasitic. There were 
I -T bees included in each of these three categories. xManv 
subsequent classifications followed this svstem, placing par- 
asitic bees in separate taxa from the nonparasitic ones. Ash- 
mead ( 1899) also put all bees that he knew’ to be parasitic 
(e\en Psi(hyrus) in separate families, but these were placed 
among his families of nonparasitic bees. Tkalcii (1972, 1974) 
revi\ed the idea of separate clades for all parasitic bees 
(cleptoparasites as well as social parasites like Psifliyms), 
suggesting that they arose from non-pollen-collecting an- 
cestors of the jiollen-collecting taxa. This woidd imply that 
there were different wasp ancestors for the various major 
groups of parasitic bees and therefore for groups of other 
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bees as well. To us there is strong evidence for monoph\ K 
of all bees (Brothers, 1975), as well as of the E-T bees (Nlich- 
ener and C.reenberg, 1980). 

Another classification that intermixed L-T and S-T bees 
was that of Robertson (1904). His w^asa thoughtful classifi- 
cation, but based almost exclusi\ eh’ on the fauna of a lim- 
ited region (southern Illinois). It di\ided bees into two 
groups of families, those with and tliose without pygidial 
plates. Had Robertson studied any of the majority' of (T)l- 
letinae in the^^orld (for example, Lrioproftus) that ha\e j)v- 
gidial plates, he would have recognized his error. It is now 
clear that the plate is an ancestral character that has been 
lost independently among various lineages of bees as well 
as wasps, but Robertson’s classification was wideh accepted 
for sev eral decades. 

We turn now more strictly to the l.-T bees. Schenck ( 1 859, 
1869) transferred Ccraliuahom the parasitic bees, where it 
had been placed by Eepeletier (1841), to the Anthophor- 
idae. (He also included the S-T genera Mrlitturga and Sys- 
(ropha in the Anthophoridae.) Even Borner (1919) still 
placed Cmitina among the parasitic bees in the Nomadidae. 
Schenck also .separated the parasitic megachilids from the 
parasitic anthophorids, but did not place either with its 
nonparasitic relatives. It is relevant to our study that Schenck 
placed tnelittids between the S-T families (he called them 
subfamilies but used the-idae ending) and (he E-T families. 
Thomson ( 1872) placed most of the parasites in taxa (tribes) 
with their nonparasitic relatives but associated the melittids 
(S-T) with Cnatiua and Aiithophora in one tribe. 

Robertson ( 1904) was the first to clearlv recognize such 
groups as the Eiicerini and Emphorini; he called them 
families. 

Michener (1944) recognized the Eithurginae as quite 
different from the Megachilinae in spite of similar ajDpear- 
ance. He also recognized numerous tribes of Nomadimie, 
separate from the parasitic Anthophorinae such as the tribe 
Melectini. He assembled the Melittidae, our princij:)al out- 
group for the stiidv of L-T bees, although it had earlier iDeen 
dispensed in v'arious ways and sometimes associated with 
rophitine or panurgine getiera, and he included Cttnioplec- 
tra in the Melittidae. He placed the Fideliinae and the An- 
thophorinae in the Apidae, Parmhophites being in the 
subfamily Anthophorinae. Minor subsequent modifications 
were summarized by the classification used in Michener 
(1979). Anthophoridae was unfoi tunatelv recognized there 
as a family separate from Apidae. 

Sustera ( 1958) proposed a classification in manv wavs not 
too different from tliose of Michener, but with the No- 
madinae divided. The iNomadini, Ammobatini and Pasitini 
were in the Andrenidae, an S-T familv, while the Epeolini, 
Epeokiidini, and other parasitic anthophorines remained 
in the Anthophoridae, an L.-T familv. 

Warncke (1977) gave a (juite different classification, as 
noted above, using the two fatnilies Apidae and Andrenidae. 
Like some other authors, he recognized the similaritv of Me- 
littidae (an S-T family) to E-T bees, and indeed he placed 
them (as a sulDfamily) in the Apidae. I^ararhophitcs \\\\s in- 
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chided in die Melittinae. Other feauiics lliat seem strange 
are inclusion oi Exojnalopsis and Fidelia in the Oratininae, 
and of Manuelia and Xylocopa with Ancyla in one group of 
Antliopliorinae. 

Rozen (1977), after studying lanae of Fideliinae, trans- 
ferred the subfamily to the Megachilidae. McGinley and 
Rozen (1987) supported the above placement of Fideli- 
inae and Rozen in the same paper placed Pararhophites near 
the Fideliinae in the Megachilidae. These placements are 
strongh^ supported b\' the present study. 

Michener and (Teen berg (1980) supported the placement 
of Melittidae as derived from other S-T bees, as indicated 
liy Michener in 1 944. They considered Melittidae as tlie sis- 
ter group to Ctenoplectridae and the L-T bees together, and 
separated Ctenoplectridae from the Melittidae as a familv 
of S-T bees with features of L-T bees, and the sister group 
to the L-T bees. We show that this placement is incorrect 
in the Phylogenetic Analyses, below. 

Sakagami and Michener (1987) proposed the tribe 
Maniieliini in the Xylocopinae, and indicated that the Xy- 
locopinae and the apine clade (meaning Apini, Bombini, 
Euglossini, and Meliponini) are sister groups. ThisMewpoint 
is not supported by the present study. 

From this brief and incomplete historical reCew, the lack 
of consensus throughout the histoiT of bee classification is 
clear. Disagreement as to taxonomic rank is of minor im- 
portance; recent authors place bees in one, two, or up to 
eleven lamilies. The interesting disagreements concern in- 
ferred phylogenetic relationships, which can be indicated, 
if desired, within a classification regardless oi the taxo- 
nomic rank. 


SELECTIOX OF TAXA 

The 82 taxa used in our analysis of adults were selected 
to represent as nearlv as possible all subfamilies and tribes 
of L-T bees and of the outgroup, the Melittidae (Table 1). 
Wliere there is considerable diversiU' within a tribe or sub- 
family, more than one genus was often selected, particularly 
if relations within the taxon are poorlv understood, as, for 
example, in the groups that were included in the Exomal- 
opsini {sensu Michener and Moure, 1957). Two subgenera 
of certain genera were included. We believe that the rep- 
resentatives selected proMde a good sun ey of the diversit) 
among L-T bees, although there are only 82 species repre- 
senting perhaps 10, GOO species of L-T bees. 

For each genus or subgenus included in the study, a par- 
ticular species was selected for detailed examination, pri- 
marily on the basis of abundance of material. It is characters 
of such species that are tlie bases for the phylogenetic dis- 
cussion and analysis; the species are listed in Table 1. For 
the sake of brc\it)’ we often refer to characters of a genus, 
tribe, etc., but in reality we mean, of the selected exemplars. 
C4f course we believe that in most cases the characters listed 
lor a species are those of its genus and its tribe, etc., and 
we ha\ e examined the external characters of species other 


than the exemplars. In some cases we know of interspecific 
variation in some of the characters used in our studv. An 
alternative approach would ha\e been to analyze generic 
characters, tribal characters, etc. This would have involved 
recording characters of many species in order to deter- 
mine which are the generic cltaracters and would ha\ e re- 
quired exclusion of various characters because most species 
would not have been available for dismemberment and 
study of the internal skeletal characters that are invoh ed in 
our study. Of course if phylogenies were available for eacli 
genus, tribe, etc., one would be in a better position to se- 
lect characters of each for analvsis in a broader studv. We 
be!ie\e that the use of exemplars is more practical and 
probably better considering the present state of the studv 
of apoid phylogeny. 

WTien family, subfamily, or tribal names are used, refer- 
ence is to the taxa as understood in the classification pro- 
posed in the section on Cdassificatoiy Results. 

Unfortunately, because of lack of material for dissection, 
there remain a few taxa of questionable phylogenetic po- 
sition that could not be examii^ed in full detail and that are 
excluded from the analysis. One of these is the genus An- 
cyla. It is perhaps closely related to Tarsalia (Siheira, 1993 
and in press) and the two were included in the same genus 
by Warncke (1979). Ancyla is interesting principallv be- 
cause of the reduced labial palpi and rather short glossa, 
as indicated in the Introduction. Another is Townsendiclla: 
the Townscndiellini are not represented in our sUid\ al- 
though the position of this taxon is reasonably well kno\vn 
(see Roig-/\Jsina, 1991). It would also have been desirable 
to include Epeoloides, presumal)ly a di\ ergenl memlier of the 
Osirini, sometimes placed in a tribe Epeoloidini. Dioxys 
canild well have been included; it is a di\ergent member of 
the .\nthidiini. 

The laiwal stud\ is largely based on the data recorded b\ 
McGinley (1981 , Appendix l).To bistable of data we added 
character states Ibr Pararhophites (from McGinlevand Rozen, 
1987) and Paratetrapedia (from Rozen and Michener, 1988), 
since these are genera of great interest in bee systematics. 
Fortunateh their characters were reported in such away that 
the data could easily be extracted and coded to correspond 
to McCunley’s Appendix 1 . 

The species in the lan al studv are those listed by McGin- 
ley (1981, Table 1), plus Pararhophites orobinus (Morawitz) 
and Paratetrapedia swainsonae ((Cockerell). 

SELEGTIOX OF GHAR.\CTERS 

Contran to the recent practice of one of us (C.DM), we 
use the word character ior a feature that varies among taxa, 
and the expression character state iov the condition of that 
character in a particular taxon. Thus “head color" is a char- 
acter, and “head red" indicates a character stale. This is con- 
traiy to taxonomists’ usual usage but is in agreement \vith 
both pheneticists’ and cladisls' usage and has become well 
established. The resullajit double meaning for character. 


1.o\c,-T()\gl kd Beks 
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l aljle 1. List of Taxa Used as Adult Exemplars 

Taxa are listed in the same sequence as in tlie matrix ol adult characters (Table 2). I'he last nine taxa are S-T bees not included 

in the matrix. 


Krcmajns pannila Ogloblin 
Jhalognalha modesla Ogloblin 
homalopsis niveata (Friese) 

Exomalopsis jenseni Friese 
Tapinolaspis ( Tapinotaspoides) lucu maua 
(X'achal) 

Tapinolaspis (Tapinorhiua) taemlea 
(Friese) 

Pa ra tel ra ped ia (A rfi y ^ oceble) mHa mpod a 
(Moure) 

P. U\iratptrapedia) (Chamela, Mex.) 
Monoeca lanei (Moure) 

CMenonomada bruneni Ashmead 
Aucyloscelis apiformis (PAl^i'icius) 
Melitoma section latia (Fabricius) 

Diadas ia pen^rae (Holm be rg ) 

Diadasina distmcta (Holm berg) 
Ptilotlinx tncolor (Friese) 

Trtrapedia (La Rioja, Arg.) 
Coelioxoides iva llhenae I ) 1 1 c ke 
Tarsalia ancyliformis f\)pov 
pAicennoda gayi (Spinola) 

Canephorula apifonfiis (Friese) 

Eucera chi's sopyga Pere? 

Melissodn agilis Cresson 
Svastra obUqua (Say) 

Pcponapis fervens (Smith) 

Antbophora paranemis Holmberg 
Habwpoda laboriosa (Fabricius); //. 

pallida (Timberlake) 

Delloplila clcfas (Friese) 

Ceulfis hicolor Friese 
Epich a )i s tiega us Sm i t h 
Xcwinclerta faliforniai ((.resson) 


Zacosmia maculata (Cresson) 

Thyreus ramosa (Lepeletier) 

Encroas lata ((>resson) 

Mcsonychium jcnseni (Friese) 

Mcsoplia nijipcs (Pei t\ ) 

Rhathymus bicolor 1 .epeletier 
Pa repeal as ateirnmis (Friese) 

Euiilodes stuardi (Ruiz) 

Osins vanegatus Smith 
Leiopodus laeertinus Smith 
Isepeol u s i hi eh « /? J o r ge n se n 
Melee toides Insehatus (Friese) 

Xeola tra verbesi nae { Coc ke re 1 1 ) 
Caenoprosopis crabronina Holmberg 
Oreopasites atizonica Unsle\ 

7 'riepeol u s disti n elu\ ( Cresson ) 

Epeolus compaetus (a esson 
lihogepeolus bigibbosus Moure 
Uolccipasites calliopsuiis (Linslev) 
Hraeliynomada sp. (Argentina) 

Kelila i>p. (Argentina) 

Xomada (Paehynomada) uiaheusis Moalif 
,V. (Cenlnas) sp. (Ivmsas) 

Biasles brevieornis (Fkmzer) 

Hexepeolas rhodog\ne {.ms\€y and Michener 
Maniielia gayi (Spinola) 

Xylocopa virgniica (Linnaeus) 

Ceratiria ca learn la Robertson; C. rupesins 
I lolmberg 

Maerogalea eandida (Smith) 

Braiinsapis facialis (Gerstaecker) 

Bombas peunsylvanieas (De (ieer) 

Apis mellifera Linnaeus 
Melipona fulva Lepeletier 


Partamona eiipira (Smith) 

Eiiglossa eordala (Linnaeus) 

Eupiesea violaeea (Blanchard) 
Pararhopliites orobimis (Morawitz) 
Xeopdelia projuga Moure and Michener 
Parapdelia piesei Brauns 
I Ath u rge a pi ea I is C re sso n 
Traehusa {Heteranlhidium) bequaerti 
(Schwarz) 

Anthidium poilerae Cockerell 
I loplitis albifwns (Kirbv) 

Osniia lignatia Sav 
Megaehile pel a Ians Cres.son 
Coelioxys oetodentala Sav 
Cienopleetra Juscipes (Friese) 

Macropis steironemalis Robertson 
Mellila lepoiina (Panzer) 

Dasypoda panzen Spinola 
Hesperapis /Z/n/e/Zr/c (("ockerell); H. 

ecninaln Ste\ ens 
Meganonua gigas Michener 

S-T Bees 

A ml rena etylliroga sler Ash mead 
Protandrena mexieanoram ("ockercll 
l^ioproelus delahozi Toro 
Colleles inaee/ualis Sa^ 

Caupolieana rupeollis Friese 
Dufourea marginala (Cresson) 

Xomia hiangulifera \ achal 
Halietiis nibienndiis (Christ) 

Augoehlora para (Sav) 


sometimes meaning tlial which \ai ies and sometimes tlie 
condition of a particular taxon, rarely causes confusion, and 
particularly in the section on classification we regularly 
refer, for example, to Character 30-1 instead of writing out 
Character 30, State (1). 

Adults of all the included species (Table 1 ) were not only 
examined externally, but were treated with 1 0% KOH (room 
temperature, lor a day cu more), dismembered to get ap- 
propriate Hews of interesting structures, and examined and 
stored in glycerin. 

Selection of characters for use in a study such as this is 
extremely important. We do not kno^v the ideal way of 
doing so. There is an infinit) of characters that might be 
iound and used in a study of a large group such as the L- F 
bees. We excluded autapomoiphies l)ecaiise they do not con- 
tribute to knowledge of intertaxon relationships. Cdiarac- 
ters that seem to be autapomorphic (i.e., are on terminal 
taxa) on the cladograms also appear somew here else in the 
cladogram. We limited ourselyes to characters for which a 
reasonable assumption about polarity cotild be made. That 
is, ^ve included no character for whicli the plesiomorpbic 
state for L-T bees could not be recognized with some de- 
gree of confidence by means of outgroup comparisons as 
described in the next section. 


These practices exclude a multitude of characters that 
might be used in detailed analyses of smaller groups. For 
example, features of punctation, suidace sculpture, facial pro- 
portions, distribution and color of pubescence, and details 
of shape of the hidden sterita and male genitalia might all 
be polarizable and \ aluable in a study of a limited taxon, a 
genus or perhaps a tribe. The.se characters, howeyer, can- 
not be polarized for a large taxon like the L -T bees because 
they yaiy kaleidoscopically w ithin both the L-T bees and the 
outgroups. Since it is impossible to pick out a stale for such 
a character that is plesiomorphic relative to the rest cjf the 
states, it is not a polarizable character. The problem is iden- 
tifying similarities that are homologous and determining 
their points of origin, things that cati often be done within 
a genus or tribe but that become difficult for similar char- 
acters in high-ranking taxa. 

With the exceptions indicated below, we included all 
characters that we found for which a strong hypothesis as 
to the plesiomorphic state could be made. Nearly all of the 
characters are those of the exoskeleton, but mam' inyohe 
internal ridges and apodemes. 

A problem that arises is the possibility of biasing the se- 
lection of characters to produce a certain pliylogeny or 
classification. To some degree this mav' be im]^ossil)le to avoid 
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when characters are selected by specialists in the group 
who h.i\e a ideas abotit relationships. Howe\er, b\ using 
all the characters that^ve found whose polarity could be de- 
termined, we hope to have largely avoided this pi emblem. We 
believe that a postenori searching for characters to produce 
a desired result is not legitimate. For example, we suspect 
that the F'.xomalopsini, which appears as a paraphyletic 
group in oiir stneh , is in reality monophvletic, and as noted 
in the section on Classilicaton’ Results, some ol Onr char- 
acters suggest this, as does a later sliidv by Silveira (1993). 
We do not believe that it would be legitimate to search for 
more characters orc/er/o establish monophvlv of the group: 

one might thereby fail to find other e\idence showing some 
taxa to ha\ e closer i elati\ es in other gi'oups. The proper pro- 
cedure would be a more detailed sliidv of the Exomalops- 
ini and its relatives, again using < 7 // characters that can be 
found that are polarizable within the group oi Exomalopsis 
and its relatives. 


SELFXTIOX AND CODINXf OF CHARACTERS OF 
ADULTS 

The principles used in selecting characters are described 
above. A few characters, however, were omitted e\en though 
we know the plesiomorphic states. Among these was num- 
ber of segments in the maxillaiy palpi, which is plesiomor- 
phicallv f), but is reduced in various taxa to 5, 4, 3, 2, and 
1 . 4 he reductions arc often variable within taxa, even within 
species, so that coding is difncult; moreo\ ei , such reductions 
can be seen in most higher taxa. For this reason we believed 
that this character would contribute little to our knowledge 
of phylogenv of higher taxa. Some characters that we did 
use in the analysis also proved to be of little value, but we 
did not have read)' knowledge that this would be the case 
until the studv was made. 

A character that we omitted from analvsis concerns the 
seriate disannular hairs of the glossa, which we initially 
coded as follows: (0) L.ong, dixergent. (I) Minute and or- 
dinarily convergent, invaginaled inside glossal canal. (2) Ab- 
sent. There are tw o rows of seriate hairs; see Michener and 
Brooks ( 1984). The\' are long and dixergent in most S-T l)ees. 
Because in L.-T bees thex* are often minute, xisible onlv xvith 
dissection and a compound microscope, the distinction be- 
txveen States (1 ) and (2) xvas not xerified for some taxa and 
the character xvas therefore excluded from the analx ses. For 
our study the distinction between Stale (0) and the others 
xvould only haxe added one character to strengthen the dif- 
ferences betxveen S-T bees (including Melittidae) and L.-T 
bees, i.e., it xvould have added a character to Nodes 3 and 
41 of Cladograms la, lb and 2a, 2b. These are alreadv 
strongly supported nodes. It is in the Nomadinae and sim- 
ilar parasites that the seriate hairs sometimes become es- 
pecially small, sparse, and even absent. 

Another character that xvas omitted from the analxses xvas 
presence or absence of the hind tibial scopa. It is lost in 
Megachilinae and parasitic bees. We excluded it (and did 


not reintroduce it) in an earlv attempt (before the Analy- 
ses reported here) to diminish the effect of convergence 
among parasitic bees. 

Polarity was determined by comparison with five genera 
representing all tin ee subfamilies of Melittidae (Table 1), 
the principal outgroup. Melittidae xvas selected as the clos- 
est outgroup because it shares a number of characters xvith 
1 -T bees even though it is an S-T familx' on the bases of 
numerous other characters. Its position xvasxvell indit ated 
bx Michener and Greenloerg (1980). Because a melittid 
character could be a family-lex el apomorphv, or because of 
x^ariation among the fix e melittid taxa, the states of certain 
characters xvere also determined for certain species in other 
S-T families. TiLxa of these families used are listed at the end 
of Table 1 . The phxiogenx of the S-T families has not been 
analyzed; we examined members of the Andrenidae, Ca)l- 
letidae and Halictidae relexant to all characters used in our 
analyses. The Halictidae appears to be derived in manx fea- 
tures, and it xvas therefore principally from examination of 
Andrenidae and Colletidae that xve determined xvhether po- 
larities based on melittid character stales xvere verified or 
required modification. When modification seemed appro- 
priate, it is explained in the annotated lists ol characters. 

The plesiomorphic slate was coded (0). For the other 
slates, in characters xvith two or more other slates, no as- 
sumption was made as to a phylogenetic sequence of those 
slates; all xvere run as nnoi dered. There xvere 37 mullistale 
characters in our analysis ol adults and 12 in the analx sis of 
lanae. For indixidual characters, manv of the prol)lems 
concerning polarity and application of codes are explained 
in the lists of characters. Some characters relate t(^ sli iictures 
that are absent in certain taxa. For e.xample, xve list clrar- 
aclers of the flalxdlum, a structure that is sometimes absent. 
In such cases, the character is coded as (?) for taxa lacking 
the structure. The same code is used if a structure cannot 
be obsened, for example, because of lack of inaterial. 

ANNO'l A IT:D list OF ADldT Cl lARACTKRS 

1. Subaiitennal suture: (0) Directed toward lower margin of an- 
tennal socket, sometimes divided (V-shaped) below socket. (1) l^i- 
recied toward outer margin of socket. WTen the suture is Y-shaped, 
tile outer branch is directed toward tlie outer margin of the socket 
but the lower, undivided stem is directed toward the iowei mar- 
gin. State ( 1 ) is characteristic of Megachilinae. 

2. Anterior tentorial pit: (0) High on epistomal suture. (1) At 
Ol below middle of lateral part of epistomal suture. 

3. Integument of paraocular area; (0) Not differentiated from 
more median part of frons. (1) Narrow area bordering exe with 
punctures sparser and smaller than rest ol fions, pxilcr in cleared 
specimens, margins sometimes diffuse. (2) Such an area broad, 
oxoid, with sliarp limits (more distinct in female than in male). 
SmallcM areas, in particular [e.g.. State (1)], are not recognizable 
except in cleared specimens. At least in Stale (2) there is a laxer 
of possiblx glandular tissue undeiixing the area. Such areas arc sug- 
gestix e ol the facial (ox eae of manx colletid ami andrenid bees. Our 
polarization is based on the absence of such areas in Melittidae, 
but such absence could be a sxiiapomorphy of that familv. I'heir 
absence also in Megachilidae [although .Stale (1) occurs in Fi- 
deliini], Nomadinae and Xxlocopinae supports the polarization 
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indicated alxne lor the 1 -T lx*es and especial!) ioi the Apidae. State 
(2) is dial acleristic Exomalopsis, its allies svich as Eremajns, and 
also I'apiuolaspis. 

4. Paiaoculai earina: (0) Absent. (1) Present. 

3. Condv le ol antenoi mandibular articulation (crania! cotuh le): 
(0) ('ontij^uons with lateral clvpeal margin. (1) Parllv co\ered by 
latei al clvpeal margin, which is nsuallv elevated o\er condvle (Fig. 
4). The melittids (except some Hespernpis) exhibit State ( 1 ). I low- 
e\er, because State (0) characteri/cs odier S-T bees, most melit- 
lids appear to be deri\ed in this character. 

0. Lateral part of lower poi tion ol chpens: (0) Not bent back- 


ward t)i onh gently cniTed backward. (1) Strongly and abruptly 
bent back, so that lateral parts are at angle of 90'* to 1 13'* to me- 
dian part. 

7. I.abrum: (0) Broader than long. (1) Longer than broad. 

8. Anterior sni Lice of labrnm onomale: (0) W'iib basal polisherl 
area, sometimes ele\ated, clearly delimited I'mm pnncmte and bain 
disc. ( 1 ) Without ba.sal polished area. Seojidelia has a short polished 
area, perhaps ec|uivaleni to that described alcove; it was coded ( 1 ), 
howeu‘ 1 '. 

9. Fleet labi al setae: (0) Not forming a U- or \'-shaped row. ( 1 ) 
(aiarse setae forming L"-oi \"-shaped row, with midpoint (base ol 
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Figs. 1-4. Head ca]3sule, female; muscles and e\es lemoved to show tenloi ial structure. 1. Cniln\ Incolor, tians\erse .section above 
antennal insertions, \iew from al^o\e. 2. Cniln\ tricolor, head sectioned along jiaraot ular area, lateial view. 3. Aothiduuu portn/ic, ti ans- 
verse section above antennal insta tions, view from abo\e. 4. Mcliwodrs nt^ilis. head sectioned along paraocular area, lateral \ie\s. 
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E' or V) near apex oflabrum and lateral arms extending basad near 
margins oi labrum. State (1) occurs in mam megachilids. 

10. Tult on apical margin ol labrum: (0) Absent. (1) Pre.sent. 
Although present in DasypoHa, such a tuft is absent in most S-T bees. 

1 1. Antennal sclerite: (0) Not extending internallv beyond an- 
tennifer (Hgs. 6, 7). (1) Extending internally be\ond antenniler 
(Figs. 9, 10). Stale (I) is characierisiic ofEmphorini and Coeliox- 
oides: AncylosceUs is intermediate but was coded ( I ) like other Em- 
phorini. 

12. Dorsal sheet of anterior tentorial arm: (0) Without a branch 
united with uj^per wall of antennal socket (Fig. 2). ( 1 ) With such 
a branch (Fig. 4). State (1) is characteristic ofE'uceiini. 

IS. Dorsal sheet of anteiior tentorial arm: (0) Without spur reach- 
ing orbit ol e\e. ( 1 ) With spur reaching laterally to eye margin and 
iiulicated externally b\ transverse line or scar acrtjss paraocular 
area at level of antenna. State (I) is characteristic ol E'uglossini. 

14. Union of anterioi lentoi ial arm to liead wall below anten- 
nal socket: (0) Reaching lower margin of antennal socket so that 
no triangular space is enclosed (Fig. 3). (I) Forming triangular 
space between dorsal sheet of tentoiial ann iuid attachment of thick- 
ening of secondan tentorial bridge, but space small and not al- 
ways recogn i/able externally by V-sha)>ed subantennal suture. (2) 
S|>ace large, forming triangulai subantennal area (Fig. 8) recog- 
nizable externally between arms of \Vshaped subantennal suture 
and lower margin of antennal socket. In Hiastes the dorsal sheet 
ol the anterior tentorial arm ends below the antennal socket, as 
does the secondary tentor ial bridge; it was coded (0). In Euglossini 
the attachment of the tentorial arm is so modified that it is diffi- 
cult to code and in Pmlamona the antennae are so close to the ej>is- 
toinal suture that inter pretation is difficult. These were coded 
(?). 

15. Thickening of secondaiy tentorial bridge: (0) Uniting to head 
wall at or below airtennal socket (Fig. 1). (1) Merging with eu- 
tentorial arm liefore r eaching head wall (Fig. 5). 

lf>. 1 .ateral expansion of internal thickening above epistomal 
ridge: (0) At least as wide as half widtli of socket diameter (Fig. 
5). (1) Reduced, less than half width of socket diameter . 

17. Clyjieuswith apical inilection: (0) Present (Figs. 5-10). (I) 
Reduced to nar r ow barrel. 

18. Latta al carina of ch pens, along lower par t of epistomal su- 
ture of male, and as.sociated groove lateral to it: (0) Ab.sent. (1) 
Pre.sent (Ehrenfeld and Rozen, 1977, Fig. 14). State (1) isfoirnd 
only in certain Ncunadinae. 

19. Epistomal ridge (internal manifestation ol epistomal suture): 

(0) Well develo[)etl (Fig. 5). (1) Ab.sent below tentorial pit. 

20. E'.pi.stornal ridge below tenturial pit: (0) Receiving sheet 
liorn eutentorial arm, this sheet margined internalh bv a thick- 
ening (Figs. (), 7). ( I ) Receiving sirch a sheet which is not margined 
b\ a thickening. (2) Without a slieet horn the eutentor ial arm (Figs. 
5,8-10). 

21. Postoccipiial pouch below foramen rnagnirm: (0) Absent. 

(1) Shallow. (2) Distinct and deep (Fig. 12). This feature is vari- 
able in rnelittids, but is absent in other S-T bees; (0) is therefore 
errnsidered plesiornorphic although most rnelittids wer e coded (2). 

22. Fan-shaj)ed posterior sheets of tentorium, sometimes rep- 
resented externally b\ the occipital sulci: (f)) Well developed (Figs. 
I, 2, 4). (1) Small to absent (Fig. 3). 

23. Attachment of secondary tentorial bridge to poster ior wall 
of head (below foramen magnum): (0) Above and sej>arate from 
hvpostoma at upjXM' errd of pi oboscidial hjssa, but connected to 
hvpostoma bv vertical septum usually manifest externallv as ver- 
tical black line extending upward from upper end of proboscidial 
fossa (Fig. 11). (1) As in (0) but vertical line wider, clear, repre- 
senting thicker se))ium. (2) Ser ondarv' bridge lused dir ectly to hy- 
postoma, thus eliminating vertical black line, fusion evident 
externallv in that lines of attacliment of bridge to head wall reach 
hv postoma at upptn end of proboscidial fossa independently and 
s(“parated bveh^ar Z(me (Fig. 12). This character is variable in Me- 
littidae but other S-T bees have State (0) except for Dujourea, 
whi( h has State (2). 


24. Epistomal suture below anterior tentorial pits: (0) Xearlv 
straight or gently cuiTcd or angulate so that sides of clvpeus di- 
verge strongly. ( 1 ) Extending straight down, then abruptly angu- 
late laterad, so that sides of U])per part of clvpeus ar e about parallel. 

25. \Tntral sclerite of neck: (0) Absent. (1) Present (Roig- 
Afsiria, 1989, Fig. 4). State (1) is found only in Osirini. 

26. Articulation of maxillary' car do and stipes: (0) Without small 
triangular sclerite (Elg. 13). (1) With small (to minute) triangu- 
lar intercalary scler ite. State (1) is foitnd onlv in Melittidae but is 
not found in other bees and appears to be a sv'napomorphv of that 
family. It thereloie adds nothing to our study. 

27. Maxillary stipes witfr basal process (Winston, 1979, E4g. 2b): 
(0) Not produced rnesallv. (1) Produced mesallv, elongate. Al- 
though State (0) appears in Apis, State (1) is in general charac- 
teristic of E-I bees and Melittidae (Micfiener and Greenberg, 
1980). 

28. Length ol stipital ccjrnb-bcaring concavity: (0) Over one- 
fourth length of stipes. ( 1 ) One-fourth length of stipes or less, deep 
(Brooks, 1988, Fig. 5). State (1) is found onlv in Aruhophorini. 

29. MaxillarT stipes with comb in concavity on distal posterior 
margin: (0) Absent. (1) Present (Edg. 14). Wlien a comfj is pre- 
sent it is always in a concavitv'. Only .some Nomadinae bave a cr)U- 
cavity from which the comb was probably lost. 

30. MaxillarT stipes with ridge on outer surface: (0) Ab.sent. (I) 
Pre.sent (Fig. 14). There is some variation in this character. For 
exani]:)Ie. in Melitta, Ctenoplectra, and Euglossa, the ridge is limited 
to the apical halfor third of the .stipes. In Ceratina the ridge is near 
the posterior margin of the outer surface instead of near the mid- 
dle. In Melipona ihei e is an angle but no sharp r idge. Although 
the character is variable in Melittidae, other S-T bees are coded 
(0), which is therefore considered plesiornorphic. 

31. Dististi|)ital process: (0) Absent. (I) Present, curTed ante- 
riorly (Fig. I5b; Winston, 1979, Fig. 7b). State ( 1 ) is found onlv 
in Megachilinae. 

32. Maxillary sti]X"s with expansion on distal anterior margin (op- 
posite to comb and concavitv): (0) Absent. (1) Present (Fig. 14). 

33. Maxillary palpus with br ush of hair s on third segment: (0) 
Absent. (1) Present. State (1) is found only in Eanphorini. 

34. MaxillarT galea with comb on inner surface: (0) Present 
(Micherier, 1981, Edgs. 10-13). (l)Absent.Thisc(3rnbisprincipally 
a char acter of S-T bees (including Melittidae) although Arromelecta 
has a comb. i)dtoptila, Rhathymus, and Tbyrrus [coded as ( 1 ) ] have 
some hairs in this area. 

35. Maxillary galea: (0) Without row of bristles. (1) With lon- 
gitudinal row of bristles on anterior margin of internal surface (Fig. 
15b). The row is sometimes limited to the apical third or fourth, 
as in Authophora, Dfltoptila, Mesoplia, and Zacosmia: these were all 
coded as ( I ). 

36. Maxillary galeal blade: (0) Unifoi rnlv sclerotized or only nar- 
rowly de.sclerotized near apex. (1 ) With poster ior rnargirr broadly 
desclerotized almost to base (Fig. 15). 

37. Membrane underlyirrg maxillary lacinia: (0) Ldisclerotized, 
not striate. ( 1 ) Striate, .sometimes weakly scleioiized. 

38. .Maxillary lacinia: (0) Sclerotized. (1) Membranous. 

39. .Maxillary lacinia: (0) Rounded. (1) Elongate. 

40. Stipital .sclerite [terrninologv’ of Winston (1979, Edg. 2b)] of 
maxilla: (0) Distinct. (I) Firsed to rest of stipes. 

41. (laleal blade (inidwav between base and apex) with inter- 
nal sclerotized surface: (0) As wide as external sitrface. (1) At 
most iwo-thirdsas wide as external sirrTace (Fig. 15b, c). (2) Three- 
loirrths as wide as external surface or mor e but narr ower than ex- 
ternal .surface. Wdien the internal surface is nar r ower than the outer , 
the anterior edge of the former often appears as a dark line which 
is the midrib ol the galea oi Winston (1979). 

42. Loritm: (0) Platelike, Hat or bent around base of rnentunr 
(Michener, 1985, Fig. 31). (1) \'-shaped with slender arms (Mich- 
ener, 1985, Fig. 45). State ( 1 ) is characteristic of Melittidae and 
L-Tf)ees, i.e., of all taxa in oirr analysis [sec Micherxn and (it een- 
berg ( 1980)]. f his character therefor e does not contribute to our 
analysis. 
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lateral expansion above epistomal ridge 




Figs. 5-10. Anierior wall of the head, female; heads sectioned at level of anterior mandibular articulations. 5, 7, 8, 10, posterior 
(internal) \1ews; 6, 9, longitudinal sections of 7 and 10 on planes AB and CD, respectively. 5. Ceniris tricolor. 6, 7. Macrojris steironema- 
iis. 8. I'apinotaspis tucumana. 9, 10. Diadasia pernrae. 


43. Loriim and mentum: (0) United. (1) Separated from one 
another. 

44. Base of lorum: (0) Simple. (1) With a longitudinal fissure 
on each side (Plant and Paulus, 1987, Fig. 12). 

45. Base of premen turn: (0) ^Vith a IVagmentum isolated or partl\ 
isolated from rest of prementum (Michener, 1985, Fig. 43). (1) 
Without such a fragmentum. In Bomhus, C/*ntns, Diadasina, Bpicharis, 
and Ptilolhnx there is a projection from the base of the premen- 
tum; they were coded ( 1 ) . For bees as a whole, lack oi a fragmentum 
must be plesiomorphic since there is no fragmentum in most S- 
T bees. However, it is present in Melittidae and Andrenidae. We 
ihereiore consider presence of a fragmentum as plesiomorphic 
for 1 - f bees. 

46. Subligular process of prementum (Winston, 1979, Fig. 2c); 
(0) Fully sclerolized and united to rest of prementum (Fig. 16). 


(1) Separated from rest of prementum by weak line. (2) Weaklv 
scleroti/ed. 

47. Small scleriie lateral to subligular j:)rocess of ]:>rementum: 
(0) Absent. (1) Present (Fig. 16). These sclerites arc quite distinct 
in Lnopodus and Ancyloscclis but are weakh' scleroti/ed and diffi- 
cult to see in other genera coded (1). 

48. Labial palpus segments 1 and 2: (0) Xot particularlv flattened, 
similar in form and length to segments 3 and 4. ( 1 ) Greath elon- 
gated compared to segments 3 and 4, usually flattened. State (1) 
is cliaracteristic of L-T bees in general. The first palpal segment 
in Lithurfre is short, similar to that of a melittid, although the sec- 
ond segment is long and Hat. L/7/n/ igc was coded (0). 

49. Labial palpus, base of segment 1: (0) l\irallel sided. (1) Inner 
margin incised so that base is stronglv narrowed (Fig. 16; ^Vinston, 
1979, Fig. 35). 
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Figs. 11, 12. Head capsule, lemale, posterior view. 1 1. Manopis 
s(eiwnemalis:S, line corresponding to internal \ ertical septum. 12. 
3 lei ito ma srgmen la nV/ . 


parth surrounding the bacular canal (Michener and Brooks, 1 9S4, 
Fig. 89). For lermiuolog)', see Michener and Bnioks (1984). State 
{ 1 ) is found in sphecids and most S-T bees including melittids. In 
most Melectini and Xojuadinae the rod is weakly scleroti/ed and 
thin (i.e., Hat). Such forms are coded as ( 1 ), even though (he rod 
seems to be reduced. Michener and Biooks (1984) considered the 
rod absent in some Xomadinae, but we found at least a siilfer strip 
in all whose glossae we dissected. There are all degrees of rethic- 
tion,and the rod i.swell de\eloped in Caeuoprosopis, VV/r/Zcs/nV/ and 
Tnepeolus in the Xomadinae, as well as in other para.sitic forms s\ich 
as Lei apod usimd Lepeolus. State (2) is rare outside the apine clade; 
it is not associated with hea\A pigmeiitaticm in spite of the large 
si/e of the rod (see Michener and Brooks, 1984). 

53. Flabellum (Michener and P>rooks, 1984, Fig. 8): (0) Absent. 

( 1 ) A flabellumdike structure present but not consu acted at its base. 

(2) Present, constricted at its base. A flabellum is absent in most 
S- 1 bees including most melittids. There ai e all degrees ol flabellar 
de\elopment, ol which we rec(^gnize two le\els, (1 ) and (2). Pres- 
ence ol a well-de\elo[)ed nabellum in some j)anurgine Andrenidae 
presumably shows that it can arise independentlv. It can also be 
lost, as in Habropoda, where its absence is an autai)omorph\ rather 
than a j>lesiomoipliy. 

54. Posterior surface of flabellum: (0) Smooth or neai h so. ( 1 ) 
With a cobblestone pattern (Michener and Brooks, 1984, Fig. 
94F). EAcept on the flabellum-like structure of Dasyposa (Melitt- 
idae), there is nothing among S-T bees to suggest a cobblestone 
pattern. 

55. .\nnular hairs of glos.sa: (0) Extending to base of flabellum. 
( 1) Separated from flabellum bv a non-annulate shank (Michener 
and Brooks, 1984, Fig. 99B). Incompletely de\ eloped flabella are 
always set among tlie distal annular haiis, as are manv fully de- 
\ eloped flabella with l)asal constrictions. In a few taxa the fully de- 
\eloj^ecl llabellum is at the end of a largely bare shank. 

5f). Basiglo.ssal sclerite (.Michener and Brooks, 1 984, f'ig. 7): (0) 



50. First segment ol labial palpus: (0) Without membranous mar- 
gin (E5gs. lb, I 7a, b). (1) With meml)ranous inner margin (Fig. 
17c, d). 

51. Disanmilate surface of glo.ssa: (0) Exposed, nearly as large 
as annulate surface (Michenei and Brooks, 1984, Fig. 5). (I) In- 
yaginated, annulate surface surrounding almost whole glossa 
(.Michenei and Brooks, 1984, Fig. 8). In various parasitic taxa 
(e.g., hepetdus, Leiopodas, Somada, Tnepeolus, and Xeromelerla) the 
disannuiar suriace is considerably exposed. It is nonetheless much 
smallei than the anmilar surface and the degree of exposure is 
difficult to assess. Such forms were coded as ( 1 ). 

52. Glossal rod (Michener and Brooks, 1984, Fig. 9): (0) Ab- 
sent. (1) Present but not enclo.sing bacular canal. (2) Present and 



Figs. 13, 14: 13. Marropis steirouematis, posterolateral view of })or- 
lion ol probo.scis showing articulation of cardo, stipes and lorum. 
14. Melitoma segynentaiia, stipes, external view . 
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Figs. 15-17: 15. Anlhidium portrrae, female. Maxillan' galea: a, external \ie\v; b, internal view: c, cross section near basal tliirrl, at 
plane AB. 16. Talnnoiaspis caerulfa. labial palpus and apex ol preinenuim, posterior view and cross section oflabial palpus near base. 
17. ( JOSS sections of first segment oflabial palpus near basal fourth: a, Authidnim b, Mrlilowa srfrnirulana: c. Bombas pniasyb 

vaaicas; d, Habropoda laboiiosa. 


A transverse band across base of glossa. (1 ) More elongate, often 
longer than broad (sometimes medially cleft), lateralK with pos- 
terioi basal prc^cess extending around side of base of glossa. S-T 
bees have Stale (0). 

57. P’labelluin: (0) Not divided. (1) Divided into prellabellimi 
and postilabellum arising from preapical anterior surface of pre- 
flabellum (Michener and Brooks, 19S4, Pig. 96F). Stale ( 1 ) is 
characteristic of Ericrocidini. 

58. Paraglo.ssa beyond apex ol suspensorium: (0) Shorter than 
to 1.3 times length of suspensorium. (1) 1.5 to 2.5 limes length 
of suspensorium. (2) 0\er 3 times lengtli of suspensorium. In melit- 
tids the range is up to 1 .2. State (2) is characteristic of the Eucerini. 

59. Mandibular apex of female: (0) Simple or with lower tooth 
longer than others. ( 1 ) With lower tooth, formed from end of ad- 
ductor ridge, shorter than next tooth, the mandible being u idenuite 
with middle tooth longest (Michener and Fraser, 1978, Pigs. 22, 
29). Stale (1) is found in Utburgewnd some X\locopinae. 

()0. Manrlible of female: (0) Slender, region of pollex not ex- 
pandetl distalK (Michenei and Fraser, 1978, Fig. 12). (1) With re- 
gion of pollex expanded to form two to several teeth or an edentate 
margin abo\e rulellum (Michener and Fraser, 1978, Figs. 34, 41 ). 
State ( 1 ) is characteristic of Megachilidae and at least some mem- 
bers of the apine clade. 

01. Mandibular grooves and ridges on outer surface: (0) Dis- 
tinct. (1) Largely absent. Stale (1) is found only in the Meliponini 
and Apini. 

02. Pronotun^ with ventrolateral extensions: (0) Phised mid- 
vemrallv, usually on internal surfaces of extensions. ( I ) Separated 
midventrally (Fig. 1 8). This character is variable in Melittidae but 
colletids. andrenids, and Dapyarm 'xu the Plalictidae show State (0). 


03- lateral cai ina separating exjjosed part ol propleuron from 
part hidden by pionotum: (0) Present (Fig. 19). (1) Absent. 

04. Apophvseal arms of prosternum: (0) Fused along median 
crest. (1) Separate from one another (Nlichener, 1944, Fig. 26). 
/Vlthough melittifls were all coded ( 1 ), all other S-T bees show State 

(0) . Presumably State (1) is an a|)omorphv for melittids and for 
some L-T bees. 

05. Apophyseal pit of prosternum: (0) Present, near middle (jf 
prosternum (Fig. 20). (1) Expanded to posterior extremit\ of 
prosternum as broad groove (Fig. 21 ). (2) Absent. 

60. Prosteinal shape: (f)) Not or moderately constricted medi- 
ally, anterolateral processes shorter and le.ss attenuate (Fig. 20). 

(1) Strongly and acutely constricted in front of middle, anterolateral 
processes large and attenuate laterally (Prentice, 1991, Fig. 3.3). 
State ( 1 ) is found onl\ in Apini and Meliponini. 

67. First phragma: (0) Not bearinganierior end of internal ridge 
representing notaulus (Fig. 22). (1) Bearing on posterior surface 
anterior end of notaular ridge (Fig. 23). 

68. Pre-episternal internal ridge (corresponding at least in part 
to external pre-episternal groove): (0) Directed anieroventralh , 
more or less straight, reaching down to or surpassing level of 
pleural .scrobe. (1) (ained posteriorK toward scrobe; in this case 
the corresponding external groove demarks the anterior and 
lower margins of the swollen hvpoepimeral area. (2) Short, not 
reaching level of scrobe, so that one cannot tell whether it is 
straight (0) or cuned ( 1 ) . (3) Absent. A long, straight ridge is pre- 
sent in most S-T bees, e\en though Melittidae exhibit Slate (3), 
presumably as a synapmnorphy lor the lamily. Presence of such a 
ridge is iherelore ctaisiderecl ple.siomorphic. in L-T bees, howe\er, 
such a ridge is longonlv in ('aftiaprosopi\, Xro/ideba imd (hropa\ilrs. 
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Figs. 18-21: 18. Mrlissorlrs ngilis, female; pronotiim, anterior \ iew. 19. Melitoma segmentaria, female; propleuron, lateral view. 20. 
Prosterniim, female, ventral \ iew, Melissodes agilis. 21. Same, Mesonychiiiw jenseni. 




Figs. 22-24: 22. Scutum, female, anterior view, Canfj)honda apifonnis. 23. Same, Melitoma sequent a tia. 24. Articulation between ineso- 
soma and metasoma, sagittal section; a. b, Melissodes agilis:c, Paratetrapedia s^. 


and is present but onlv slighth surpasses the level of the scrobe in 
Ij'iopodus-Awd hepeohis. These taxa are so diverse that one wonders 
if the ridge mav have arisen independenth in certain cases. If so, 
oui polarizaticjii, while correct for bees as a whole, is wrong lor L- 
T bees. In this case, State (3), as in Melittidae, should be cemsid- 
ered plesiomorphic. 

69. Internal scrobal ridge from mesepisternal scrobe posteri- 
orl\ to interseginental suture: (0) Absent. (1) Ih esent. Altliongh 


meliitids are variable in this character, other S-T bees liave State 
(Ob 

70. Breadth of inetapleuron at level of uj^pei metapleural pit 
dhided bv height of inetapleuron measured from lower end to apex 
(if wing process: (0) 0.20 or more. (1) 0.19 or less. In Melittidae 
and other S-T bees the ratio is 0.21 to 0.30, 

71. Distance between meta[)leural jiits divided by height of 
inetapleuron (measured as for (diaracter 70): (0) Over 0.20. (1) 
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0-10 to 0-19. (2) 0.09 oi less. The pits are lai apart in Meliitidae 
(0.20 to 0.35) and other S-T bees. 

72. Membrane closing space behind ineiasternuin and hind 
coxae and extending to base of SI : (0) Arising above Iree apex of 
inetasteriunn on ridge i:>cnvcen the hind coxal condvles (Fig. 24a, 
b). (i) Arising frt)in aj)ical margin of metasiernum, whicii there- 
fore is not free (Fig. 24c). In Apis, Braunsapis, Cevaliua, Fiiglossini, 
and Parnfiddknhi: free part of the meiasternurn is ven short, but 
lhe\ are coded as (0). 

73. Propodeai prolile: (0) With a neaiK horiz{)ntal basal zone, 
behind which it rather abruptly turns downward to form the de- 
clivous posterior surface. ( 1 ) With a stee|)ly slanting or sometimes 
convex basal /one or entirelv declivtuis. l1iis character is variable 
in Melittidae as in some othei major bee taxa, but State (0) is so 
prevalent antong S-'l bees as well as sphectnd wasps that it must 
be plcsit)morphic. 

74. Profile of metanotum (and scutellum): (0) Subhori/ontal 
or slanting, scutellum frec]uentlv convex but alst> basicalh sub- 
hoi i/ontal or slanting. (1) \Trtical, not o\erhung b\ convex scutel- 
linn whose posterior margin is more or less \ei tical. (2) Wrtical, 
stronglv overhung bv scutellum whose posterior margin faces 
more or less downward. 

75. Lower extremity of nictaj:»ostnotum (propodeai triangle) in- 
ternally: (0) With vertical longitudinal ridge (third phiagma) 
whose lower end is abo\e marginal area of pro])odeum (Fig. 25). 
( 1 ) With longitudinal ridge extending downward to marginal area 
of j>ropodeiim. (2) With ridge extending be\ond marginal area 
of propodeum as acute point \isible through propodeai articulating 
orifice when the meta.soma is removed (Fig. 2fi), the ridge some- 
times largeh absent but point deat h' visible. (3) Absent. 

76. Hind coxal articulation: (0) C4early abo\e submarginal 
groo\e of ))ropodeum-melapleuron (Fig. 25). ( 1 ) At or below 
level of submarginal groove (Fig. 26). 

77. Articulation of propodeurn ^vith 11: (0) Forming a simple 
tooth at each side of articulating orifice (Figs. 25, 26). (1 ) Foriti- 
ingtwo teeth at each side of articulating orifice (Fig. 27). State (1 ) 
is found onlv in Anthophorini. 

78. (Conjunctiva between metasternum, hind coxae, «md SI: 

(0) Entirely membranous. ( 1 ) With scleroti/ed bars near coxal mar- 
gins, meeting one another or fused near posterior point of metaster- 
num (Snodgrass, 1956, Fig. 33C). The scleroti/ed bars suggest a 
remnant of the proj>odcal sternum, piesenl in many wasps, ap- 
pareiith' lost in bees. State (1 ) is found onh in certain members 
of the apine chide. 

79. Metapostnotum (propodeai triangle) witli hairs: (0) iVbseut. 

(1 ) Present and widespread. State (0) is found in most S-T bees 
including the Melittidae. 

80. Hind trochanter with inner basal surface: (0) Angulate (Fig. 
29). (1) Rounded (Fig. 28). State (0) is frequent in S-T bees. 

81. Degree of isolation of bases of bind tibial spurs by sclero- 
ti/cd bridges around articulations of spurs: (0) None to jxirtial 
(Cane’s [1979] codes 0 to 2). (1) Almost complete (Cane’s code 
2+ for botli spurs). (2) Complete, with sclerotic bridge between 
s])ur bases (Cane’s code 3 ioi both sjnirs). Like melittids, other S- 
T l:)ees exhibit Slate (0). 

82. Inner margin of inner hind tibial sjmr of female: (0) Finch 
.serrate to ciliate (coarselv serrate in Fideliinae). (1) Pectinate, with 
long, strong teeth. Man\' S-T bees, including melittids, exhibit 
State (0). 

83. Outer hind tibial sj^ur (iisiially inner also) of female: (0) Finely 
serrate or ciliate. (1) Coarseh serrate. (2) Absent. 

84. Basitibial plate: (0) Present at least in female. (1) Absent. 

85. Hind tibial .scopa (female): (0) Ah.sent or consisting of uni- 
formly flispersed hairs on outer side of tibia, i.e., corbicula absent. 
(1 ) Sui i ounding large polished space on outer side of tibia, i.e., 
corbicula. State (1) is found in the apine clade and in Catu'plio- 
rula in the Fuccrini. 

86. Apex of inner surface of hind tibia (female): (0) Without 
comb of bristles. (1 ) With comb of bristles, i.e., the rasielluni. State 
(1) is found in the aj^ine clade. 


87. Apex of hind tibia (iemale): (0) Not expanded dorsallv, so 
that basi tarsus is ai ticulated near dorsal margin and aj)pears to arise 
near middle of apex of tibia. (1) Expanded dorsallv, .so that ba- 
sitarsus is articulated away from dorsal margin. I he expansion 
[found onlv in the apine clade, except slightly present in Cteno- 
pleclra,c(H\c<\ (1 )] isperhajisan asjxct of broadening the tibia for 
a corbicula, but does not occui in CanepJwrula, 

88. Ba.se ol hind basitarsus (female): (0) Not broadened. (1) 
Widened to form the auricle which pushes pollen up into corbicula. 
State (1) occurs only in the Apini, Boinbini and Euglossini. In Fu- 
glossini the structure is (piite different and it mav not be liomol- 
ogous to the auricle of Apini and Bombini. 

89. Hind basitarsus (female): (0) Giving rise to second tar- 
soniere at apex. ( I ) Projecting distad above articulation of second 
tarsomerc as process witliout an aj)ical brush. (2) Projecting dis- 
tad as in ( 1 ) but ending in a small dense brush (penicillus) . The 
polarit) indicated above is based on State (0) in our outgroup, the 
Melittidae. However, main S-T bees ha\e a penicillus. If the loss 
of the penicillus and proce.ss is a melittid apoinorphy, then State 
(2) or possibh (1 ) would be the propei plesiomorphic condition 
for l.-T bees, 

90. Shape ol hind basitarsus (female): (0) (Xer 3.0 times as long 
as wide. ( 1 ) 1.5 times as long as wide oi less. (2) 1 .6 to 2.9 times 
as long as wide, i.e., intermediate. This character is variable in Me- 
littidae but the other S-T bees studied, except CaupoUfana, ha\e 
State (0). 

91. I’ndei surface of middle tibia of female: (0) With oblique 
longitudinal ridge bearing a longitudinal brush (mid tibial comb 
ofjander, 1976) of hairs (Fig. 30). (1) Flat, with more scattered 
hairs (Fig. 31 ), This character is variable in melittids; polarization 
is based on the pre\ alence of State (0) in other S-T bees. 

92. Middle tibial spur: (0) Finely serrate or ciliate, with apex sim- 
ple. (1) Qiarsely serrate, with apex simple. (2) vSerrate l>ui end- 
ing in two to several large teeth or spines. State (2) is characteristic 
of Ericrocidini. 

93. Row of stout setae on middle basitarsus (female): (0) Ab- 
sent. (1) Present (Neff and Sinij^son, 1981, Fig. 5). State (1) is a 
feature of some oil-collecting bees. 

94. Front basitarsal comb of female, a row of strong setae ex- 
tending from apex of strigilar concavit\ neaiK to apex ol tar- 
somere, distal part of comb cuned: (0) Absent. (1) Present (Neff 
and Siinj^son, 1981 , Fig. 13). This is a feature of some oil-collect- 
ing bees. Similar combs in different positions on the basitarsus are 
pre.scnt in Telrapedia and Pamlehapedia, They are autapoinorphies 
and therefore not inclufleil in the analvsis. 

95. Trunk ol anterior tibial sjiur: (0) Simple. (1) W'ith low ex- 
pansion at nghl angles to velum, cumng aj^icalh into spine of mains. 

(2) With strong exjxinsion at right angles to velum, ending in strong 
angle or prong (Schonitzer and Renner, 1980, Fig. 19). The ex- 
pansion described for State (2) is the anterior velum of Schdnit/er 
(1986). 

96. Wlum ol anterior tibial spur: (0) Narrow, 1 .5 or more times 
longer than wifle, usuallv lenticular, thus widest near middle. ( 1 ) 
Broad, 1 .10 to 1 .45 times as long as broad, quadrate. (2) About as 
long as broad (0.95-1.05). Although this character varies in Me- 
littidae, the frequency of State (0) in other S-T bees justifies our 
polarization (see .Sch(")nitzer, 1986). 

97. Anterior coxa with carina along inner margin, frequently 
bending laterad at base and extending partwav across base of 
co.xa: (0) Absent. ( 1 ) Present (Roig-Alsina, 1 989, ffig. 4). State ( 1 ) 
is characteristic of Osirini. 

98. Arolia: (0) Present. (1) Absent. 

99. (daws of female: (0) ('.left, inner ramus sometimes a tooth. 
(1) Simple. Forms with the lower ramus broad, flattened, anrl blunt 
arc nonetheless coded (0). 

100. Number of submarginal cells in foi ewing: (0) Three. (1) 
Two. (2) NoneclearK defined, although faint veins of ten j3i esent. 
State (2) is characteristic of Meliponini. Although variable in Me- 
littidae, State (0) is so comimm in S-F liees and in was|)s that it is 
cleai h jilesiomorphic. Reduction to two ceils has occui red inde- 
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Fig. 25-31: 25. Propodcimi, mclapostnoiinn and liind coxa, posterior view, (emalc, Manopis sleironrmniis. 26. Same, ('miephomla 
apipuims. 27. Arliciilar region onU, Uabropodn lahoriosa. 28. Right hind ('o\a and trochanter, Anthtdium portnar, lemale, viewer! iroin 
above. 29. Same, of Si'astni oldiqua. 30. Right middle til)ia, of 3/^/r?o/^/s denonemdlts, lemale, \eiUral view and cross section near apical 
third. 31. Same, of Mrlissodrs agilis. 


pendenth and perhaps e\en b\ dillerenl means. In most cases it 
is hv loss of the second transverse ciiliilal but in some, the first traiis- 
\er,se cubital ma\ he k)st. If this is true, of course there are two char- 
acters with identical plesiomorphic states, because’ loss of one 
vein is not homologous to kiss of another. 

101 . Wing vestiturc: (0) Main throughout. (1) Partlv bare. 

102. 1 .ength of marginal cell of lorewing: (0) Equal to or longer 
th.m distance irom its apex to wing tip. ( 1 ) Sluirter than distance 
irom its apex to wing tip. 

103. Apex of marginal cell of forewing: (0) Pointed, on wing 
margin. (1) Separated Irom wing margin, jioiuled. (2) Separated 
from \Ning margin, rounded. (3) Open or closed bv weak vein. State 
(3) is found onlv in Meliponini, Although variable in Melittidae, 
State (0) is the principal one found in that iamih and in other S- 
T bees and. being commonh associated with other jilesiomorjihic 
characters such as a large stigma, is considered plesiomorphic. 

104. Stigma of forewing: (0) Longer than broad, length beymd 
\ein I at least half as long as margin basal to vein r, margin within 


marginal cell convex or .sometimes straight. (1) Longer than 
broad, length beyond vein r less than half as long as part basal to 
\ein r, margin within marginal cell concave. (2) Small, about as 
k>ng as broad to nearh absent. (3) Narrow, almost parallel-sided, 
as in Apis. Stale (0) is the usual condition in S-T bees; the excep- 
tions are seemingh deri\t‘d taxa like the Diphaglossinae and ('.ol- 
l/'trs (Colletidae) . 

103. [ugal lobe of hind wing: (0) Long, 0..3 times length ofvan- 
nal lobe (measured from wing base) or more. (I) Short, 0.26 to 
0.40 times length ol vannal lobe. (2) Shorter, 0.23 times length 
ofvannal lobe or less. (3) Absc'iit. In S-T bees thejugal lobe is long, 
e.g., 0.73 times length of vannal lobe or more. State (0) is there- 
iore considered plesiomorphic e\en though the chaiacter is cal l- 
able in the Melittidae. 

106. Win cu-v of hind wing: (0) Shorter than second abscissa 
of vein M, transverse or slanting. ( 1 ) About as long as second ab- 
scissa of vein M, slanting. (2) Over twice as long as second abscissa 
of \ ein M, slanting. 
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107. Oraclulus ()1 I 2: (0) Directed bac kward aho\e and Ixdiind 
sj 3 iracle. (1) Direc ted toward or reaching spiracle. (2) Absent. 

108. ikise ol T2: (0) Williout plnagina-likc apodeme. (1) With 
tran.s\erse, jjhragnialike apodeme. Stale ( 1) occurs in certain Xy- 
locopinae and I.ithur^e. 

100. Gradiilus of S2: (0) Straight across mediallv or sliglitlv 
c lined posteriorh in middle, (1) Bisinuate, i.e.,with two posteri- 
orly convex cun es. (2) Al)sent. Altliough most Melittidae ha\e State 
(2), Hrsjniapis sliows State (0) as do most otlier S-T ix'es. 

1 10. Metasoinal .sternal scopa (female): (0) Absent. (1 ) INesent. 
State (1) is principally a character ol Megac hilidae ljut certain oil- 
collecting bees (e.g., ('Aenoplfctra, Tapinniaspis) were also coded (1 ) 
although the sternal hairs Innction in gathering oil rather tlian 
pollen and [)robabh' evolved indepenclenth from tltose of 
megachilids. 

1 1 1. Apex of St > of female: (t)) Entire or genth bilobed. (1) Emar- 
ginate, with lateral projecting lobes (Roig-Alsina, 1091, Eigs. 11- 
13), State (1) is toimd onl\ in Xoinadinae. 

112. Apex of S6 of female: (0) Without specialized coarse setae. 
(1) With groups ol spinelike .setae (Roig-Alsina, 1901, Figs. 3-10). 
State ( 1 ) is found in Xoinadinae and Isepeolini. 

113. Surfac e of T5 of lemale: (0) With prepygidial (imbria, 
hairs denser and longer than in hair bands ol preceding terga. (1) 
Without prepygidial fimbria, i.e., similar to preceding terga, 

1 14. Apex ol T,5 of female: (0) ^Vith j^olished margin of tergum 
absent or narrow and parallel-sided. ( 1 ) With broad, bat e, polislied 
margin wider in midcile, margined basalh by long, stiff setae. 

115. 15 of female: (0) Without pseudopygidial aiea. (1) With 
pseudop\ gidial area. State ( 1 ) requires State (1) of Character 1 13. 

lib. P\gidial plate of Tb of female: (0) Piesent. (1) Absent. 

1 1 7, Tb C3l female: (0) Not jxipillate. (1) Papillate or minuteh 
roughened, dorsal surface^ hairless. State ( 1 ) is lound onh in the 
Fideliinae. In Xeopdrlia and Pampdelia the papillate area is the en- 
larged p\gidial plate; this is probably afso true Icji J^arnrhopJdlcs. 

1 18. Pxgidial plate of T7 ol inale: (0) Ih e.sent, distinct. (1) Ab- 
sent, but sclerotized apic.il rim suggests apex ol plate. (2) .Absent, 
without apical rim. Phis character \aries among melittids but the 
presence of a pygidial plate is so widesj^read among other S-T bees 
that it is probabh j^lesiomorpliic. An alternati\e case. howe\er, can 


be made foi the repeated origin of this plate in males. .Most le- 
males hau* a plate on l b; in both sexes it is on the last exposed 
tergum. The presence of the plate is clearly the plesiomorphic state 
in females (C.hai acter 11b); it has a function in nest construction. 
Probably it is functionlcss in males. It might appear in males sim- 
ph as a result c:>f a regulatcin change, which could occur inde- 
pendenth in different lineages. 

1 10. Apex ofT7 of male: (0) Entire. ( 1 ) Willi two conical points. 

120. S7 of male: (0) With iwc3 oi four apical lobes. (1 ) Without 
apical l(jbes. (2) Short and irans\erse, without lobes. (3) Disc to 
wlK)le sternum membranous. 

121. SS of male: (0) With single apical projection and moder- 
ate basolaleral arms. (1) Without apical projection. (2) Bilobed 
a]3icall\. (3) Almost completely absent (in Meliponinae). 

122. (ionoba.se: (0) Forminga eom|jlete ring. (1) Not evident 
lentrallv (absent or possibly I used to gonexoxites). (2) Almost ab- 
sent. 

123. Cionexoxite: (0) Without sulcus or septum. (1) With \ en- 
tiolaleral oljlicjue sulcus but no septum. (2) \Vilh septum, repre- 
sented externally by sulcus, separating basal and apical parts of 
gonocoxite (Figs. 33, 34). 

124. Wniral parapenial lobe ol gonocoxite*: (0) Absent, (1) Pre- 
sent, without strong setae. (2) Present, with strong, often peglike 
setae (Figs. 33, 34). This lobe is the \eniroapic al plate c3f .Vllodapini 
(Michener, 1075). 

125. Gonostvlus: (0) .Vriiculaied to gonocoxite although often 
witli j)ariial fusion (Fig. 33). (1 ) More or less indistinguishably fused 
togonostvlus (or absent?), the resulting structure being called gono- 
lorcejis. (2) Double, there being two nearly independent gonos- 
t\lar structures arising from gonocoxite. This character is variable 
(0 or 1 ) among melittids and other S-T bees. The decision as icj 
])olari/aiion is based largely on the* morphological vic*w])oint that 
articulation must he j3i imiii\e in insec ts. 

12b. 55)lsella: (0) Distinct, chelate. (1) A free scleriie but not 
chelate (Fig. 33). (2) .Absent or fused to gc^nocoxite. The (0) state 
is as in most melittids as well as mam other S-T bees. 

127. Dorsal bridge of penis valves: (0) Short, not c*xteiided be- 
hind le\el of apodemes, or absent. (1) Expanded posieri(3ily as 
s]3aiha (Figs. 35, 37). 



Figs. 32-34. llrxcpeolus rhodo^n(\ male genitalia. 32. Penis and jxmis vahe, lateral view. 33. Genital capsule, ventral view. 34. In- 
ternal \icnv of right half of genital capsule, muscles removed to show septum. 
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Figs. 35-38. Penis valves and penis, 35. Tajnnotaspis luntmana, 
dorsal \'ic\v. 36. I apifiotaspis tucumaua, apical view; ojie penis vaKe 
seaioned to show iit of its produced margin with median tiiick- 
ening of spatlia. 37. Peponapis fnvens, dorsal view. 38. Peponapn fer- 
TV7?v apical view. 


128. Dorsal l>ridge of penis valves or s)>atha: (0) l.ackiiig notches 
into which lit dorsal basal produced margins of penis \alves. (1 ) 
Distal margin (of spatlta) with two notches into which fit pro- 
duced basal margins of penis valves (Figs. 37, 38). (2) Ventral sur- 
face of spatha with median thickening, lateral margin of which 
overhangs to form space into which fits produced basal margin of 
penis vahe (Figs. 35, 36). 

129. Penis with basiventral membranous projection: (0) Absent. 
(1) Present (Figs. 32, 33). 

130. Base ol gonosiylus: (0) Not extending basad. (1) Extend- 
ing basad on inner surface of gonocoxite. State ( 1 ) is lound onlv 
in 1 etrapediini. 

131. Numbei of ovarian follicles or testicular tubules: (0) Three. 

(1) EOur. (2) Five or more. Not many melittids have been exam- 
ined lor this character, but all S-T bees studied have State (0). State 

(2) is found onlv in some parasitic l)ees which have 5 to 13 and in 


Apis, which is \c\y different, with 2 to 12 in workers, over 150 in 
queens. 

Table 2 shows the stales of the adult characica s for the species 
listed in Table 1. 


SELECTION AND CODING OF CHAITACTERS OF 
MATURE LAR\^AE 

The characters that we analyzed are those listed by McGin- 
ley (1981 ) that varied among L-T bees, and for which the 
plesiomorphic stale was identifiable. Some were listed by 
McGinley ( 1981 , Table 2) as “Cladistic Characters”; for oth- 
ers we believe the polai ity is clear for L-T bees even though 
McGinley did not consider it clear for bees as a whole. For 
a few tliat McCdnley considered Tdadistic Characters,” we 
found polarity dubious for L-T bees; we excluded them 
from our list of characters. As with adult characters, ple- 
siomorphic states were recognized usually using melittids 
as an outgroup. If there was variation among melittids, how- 
ever, other S-T bees (colletids, andrenids) wei e used as a 
secondaiT outgroup. Moreover, if the other S-T bees differed 
as a whole from melittids, we concluded that the melittids 
probably had a family-level apomorphy, and considered 
that the other S-T hcc*s exliibited the plesiomorphic con- 
dition for our study. Our Judgment as to tlie plesiomorphic 
state sometimes differed from McCiinley’s because our out- 
groups are different; he flealt with bees as a whole while w’e 
are concerned with L-T bees. In some cases there are rea- 
sons to doubt our decisions as to polarity; tliese are indicated 
in thc‘ list of characters and in tlie following paragraphs. 

As discussed by Michener (19,53), various characters of 
bee lanae seem to have more primitive states in most L-T 
bees than in most S-T bees, even though the reverse is true 
lor various adult characters. That is, in L-T bees the states 
of such characters are more like structures found in more 
ancestral 1 Ivmenoptera or other insects. Examples are CHiar- 
acters 1 (setae on the head capstile) and 20 (size of the an- 
tennal papilla). In both ca.ses, the better developed slate 
(longer setae, slender projecting papilla) is no doubt ple- 
siomorphic for Hymenoptera as a whole. The reverse mav 
be true for aculeate Hymenoptera, since they presumably 
evolved from jDarasitoids (Wliitfield, 1992) in which lanal 
structures are greatly reduced. Be this as it may, all Melilt- 
idae except Meganoftiia have reduced head setae and mod- 
eraielv developed to absent antennal papillae. Since 
Meganomia has many derived adult features (Michener, 

1 981 ), it is unlikely to exhibit the basic melittid laiwal struc- 
ture and we therefore regard the remaining members of the 
Melitlidae as good indicators of the plesiomorpliic states for 
the analysis of the L-T bees. We therefore coded reduced 
head setae and reduced antennal papillae as (0); that is, 
among L-T bees, development of longer setae and anten- 
nal papillae is derived, (diaracter 48 (labial palpal length) 
is similar except that the deviant melittid is Alacropis, also a 
melittid with many derived adult features. In all these cases 
most S-T bees exhibit the character state that we have coded 
as (0). Of course a frefjuent slate is not necessarilv pie- 
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T.ihlc 2. Mati ix of (Character Siaics for Adulis 
The chaiaclei s and slates are explained in the Annotated List ol Adult Characters. 
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siomorpilic, hut we believe tliat in these cases the ple- 
siomorphic condition for L-T bees is widespread in S-T 
bees; any alternative negates the use of Melittidae as the clos- 
est outgroup and sister grouj) of L-T bees. 

For several other diaracters (43, 44, 46, 47, 49) the situ- 
ation is le.ss clear because there is less uiianiinit}' in the Me- 
littidae, and nielittids witlt more plesiomorphic character 


states such as Melitfa sometimes have the more fully devel- 
oped structures. However, since these characters are prob- 
ably all functioiialh related in bees (in connection with 
cocoon spinning, see below), we believe that thev have to 
be treated like Characters 1 , 20, and 48, i.e., with the reduced 
condition being considered ancestral for L-T bees. 

To summari/e, other authors considered tlie better de- 
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vdopcd stales of the charac ters listed above as ancestral and 
die reduced states as apomorphic. Thev were considering 
bees as a wliole. For L-T bees only, we must ie\eise the po- 
larit\‘, in \iew of evidence from xMelitlidae, our first outgroup. 
In addition, if aculeates arose from parasitoids that show the 
reduced slates, we believe that the polariu^ that we advocate 
for l/T bees may be appropnale for all bees. Reversions from 
the reduced states to more developed states ma\ have oc- 
ciiiTed independently in wanous aculeate gi'oups such as bees, 
sphecoid wasps, etc. 

Most or all of the characters listed above may relate to co- 
coon spinning or the sensoiT apparatus needed for cocoon 
spinning, in L-T bees, taxa that do not spin cocoons, like 
the Nomadinae, Xvlocopinae, and Anlhophorini. have (sec- 
ondarih ) reduced slates lor these characters, although most 
L-T bees ha\e the better developed stales and spin cocoons. 
Wost S-T bees do not spin cocoons and have the reduced 
slates. 1 lowever, it is ob\ious that developed states oi these 
characters are not alwa\s associated with cococ^n sjiinning. 
For example, many parasitoids spin cocoons altliough thev 
have extremely reduced cephalic structures. Moreover, the 
cocoon-spinning S-T bees (Diphaglossinae in the Qilletidae, 
Rophilinae in the Halictidae and some xMelitlidae) are 
ecjuivocal in development of these structures; for example 
in the Diphaglossinae, antennal papillae are small, galeae 
are absent, but palpi are rather long. 

One could argue that, il the above explanation is correct, 
one should list only a single character, rather than over- 
weighting it with several manifestations thereof. However, 
none ol the characters are perfectlv correlated; each pro- 
vides some diffei eiit information. Gi\en our present knowl- 
edge ol insect development, it seems umsise to do more than 
note this situation. We suspect that man\ other characters 
are also not independent. 

That cocoon spinning, imoKing silk production and 
spinning beha\ior, would evolve, iifler ha\ing once been lost, 
seems less likely than i edcnelopmeni olThe indhidual struc- 
tural features discussed abo\e. There are therefore legiti- 
mate differences of opinion as to polarities. The subject 
desen es restudy b\ persons thoroughh familiar with bee lar- 
val characters. 

ANNOTATED LIST OF 1AR\ .\1 . CHARVCTERS 

These characters arc more fully explained by .McGinle) ( 19S1 ). 
The number of each character is followed bv McGinlev’s number 
in parentheses. 

1(1). Setae on head capsule: (0) Shoj i and difhcuh to see. ( 1 ) 
Long and distinct. .-Ml melittids except Meganomia, which is prob- 
abh a derived melittid, and many other S-T bees, have State (0), 
which we tentati\elv consider plesiomorphic for I.-T bees, al- 
tluHigh i^reseiice of long setae must be plesiomorphic lor aculeate 
Hymcno])iera. 

2 (2). Spiculation on dorsal surface of labium: (0) Absent. (1) 
Present. Most melittids, all colleiids and halictids, and some an- 
drenids have Suite (0), which we tentatively consider plesiomorphic. 

3 (3). Epiphamtgeal spiculation: (0) Present. (1) xAbsent. 

4 (4). H\ pophanngeal spiculation: (0) Present. (1) Absent. 

5 (,t). Dorsal and mesal maxillan spiculation: (0) Pre.sent. (1) 
Absent. 


b (6). Pigmentation of head: (0) Light. (1) Ilea\y. State (1) is 
known, among L-T bees, onh in certain Nomadinac. 

7 (9). Vertex: (0) Rounded. (1) Produced lonvard. 

8 (10). .Swelling al)o\e antennae: (0) .Absent. (1) Present. 

9 04). .Vnterior tentorial pit: (0) fligh. (1) Low. McGiiilev's 
(1981) States 2 and 3 are lumped and coded (0): his State I is coded 
( 1 ). xAll mellitids ha\e State (0), as do most colletids and the genus 
Andrena. We therefore think that our polarilN is appropriate foi a 
study of L-T bees. 

10 (13). Posterior tentorial pit: (0) At junction ol h\postomal 
lidge and posteiior thickening of head wall. (1) /Vnteiior to or below 
this point. Among 1-1 bees. Slate ( 1 ) is found onh in Noinadinae. 

1 1 (10)- Posterior thickening of head wall: (0) Well developed. 
(1) Weakly developed. (2) Absent medially. 

12 (17). .Median portion of postcrioi thickening ol head wall: 
(0) Straight. (1) Curving fonvard. 

13 (18). Posterior thickening of head wall: (0) Single. (1) Ap- 
pearing double. 

14 (19). Median longitudinal thickening of head wall: (0) .Ab- 
seni. (1) Developed onl\ dorsally. (2) Extending fonvard to level 
of episiomal suture. Since nearly all colletids and andienids have 
State (0), its do all melittids except Mpganomia, which has State (1), 
and State (2) is found onl\ in some 1 -T bees, we consider Slate 

(0) plesiomorjihic. It is possible, however, that Slate (1) is ple- 
siomorphic instead of State (0). 

15 (20). Hvpostomal lidge: (0) Well de\eloped. (1) Weak. 

16 (21 ). H\]iostomal ridge: (0) Simple. (1) Divided postei iorh. 
State (1 ) is known only in certxain megachilids. 

17 (23). x\ngle ol hypostomal ridge to posterior thickening of 
head wall: (0) Obtuse. (1) Perpendiculai . 

18 (24). Pleurostomal ridge: (0) Well developed. (1) Weak. 

19 (26). Epistomal ridge or depression: (0) \Vell below' le\ el of 
antennae. (1) Arched upward to or above antennal level. 

20 (30) . Antennal papilla: (0) Enlarged basallvand moderately 
developed tovirtualh absent. (1) Well dewloped. slendei and pro- 
jecting. Although it makes sense to belie\e thai reduction ol lar- 
val antennae mighi he a progressive process, all S-f bees except 
Mrganomia, a derived melittid, lune State (0), while man\ L-T 
bees have the better developed antenna of State (1). 

21 (31 ). Number of antennal papillae sensilla: (0) 2-5. (1) .More 
than 5. Stale ( 1 ) is found onh m certain parasitic Antbophorinae. 

22 (32). (4\peal length: (0) Moderate to long. (1 ) Short. 

23 (33). Fiontoch'])eal area, in lateral \ iew': (0) Not strongly pro- 
duced. ( 1 ) Rounded, greatly produced. Among all bee.s. Slate ( 1 ) 
is found only in iw(j nomadine genera and two melittid genera. 
[As elsewhere, this statement is based on xMcCanlev's (1981) ma- 
trix; a third nomadine genus is now known to sliow State (1) 
(Rozen and .McCiinle\, 1991).] 

24 (34). Labrum in lateral view: (0) .Moderatelv projecting be- 
\ond clvpeus. (1) Strongh projecting. Among L-T bees Stale (1 ) 
is found onh in Nomadinae. 

25 (35). Labral tubercles: (0) Present, w'ell defined. (1) Absent 
or pooih defined. This relates to the two rounded marginal tu- 
bercle.s. I be pointed tubercles on the disc of the labrum found 
in Noinadinae are evidently not homologous (J. Rozen, in lilt., 
1993). Although melittids have State (1 ), State (0) is characteris- 
tic of nearh all andrenids, halictids and colletids and is therefore 
considered plesiomorpliic; presumablv State (1) is an apomorphy 
of melittids. 

26 (39). Sensilla-bearing swellings on labral apex: (0) Present. 

(1) xAbseni. Because such swellings are present in most bees in- 
cluding our outgroups, we ha\e reversed the polaritv indicated by 
McGinlev. 

27 (40). Epiphamix: (0) Not prochued. (1) Produced as dis- 
tinct lobe. Stale (1 ) is found only in two genera of Nomadinae. 

28 (44, 45). xMandibular spicules: (0) Absent or short. (1) Long 
and hairlike. 

29 (47). Mandibular apex, ignoring teeth if present: (0) Acute. 
(1) Bioadh rounded or truncate. 

30 (48, 49). xMandibulai apex: (0) Simple. (1) Bideniate with 
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dorsal tootli longer or teeth sul>ec|ual. (2) Bidentate with ventral 
tooth longer. All colletids and most andrenids, halictids, and 
melittids have State (0)* which we therelore considei iuicestral. I he 
polarity is tentative; given the multiple teeth of wasps, one would 
expect two teeili to be ancestral to one. 

31 (51). Apical part of mandible: (0) Not attenuate. (1) Atten- 
uate. 

32 (52). Mandibular cusp: (0) Well or moderately defined and 
produced. ( 1 ) Weakly defined or absent. 

33 (53).(aispal projection of mandible: (0) Absent. (1) Iheseiu. 

34 (54). Mandibulai cus]:>: (0) Multidentate. (1) Smooth, eden- 
tate. 

35 (55). Teeth on dorsal apical edge o( mandible: (0) Present. 
( 1 ) Absent. 

36 (56). Ridge delimiting apical mandibular concavity: (0) Hifl- 
den from above bv dorsal apical edge. ( 1 ) \"isible from above, ex- 
ceeding dorsal apical edge. 

37 (57). Mandibular apical concavitv: (0) Weaklv to moderateh 
de\ eloped. (1) Stronglv dc\el<iped. 

38 (58). Mandibular concavit)’: (0) Oblique, not scooplike. ( 1 ) 
Scooplike. 

39 (61). l.iibic)maxillar> region: (0) .Moderatelv recessed. (1) Pro- 
duced. (2) Strongh recessed. All aiulrenids and manv members 
of all other S-T families including half of the melittids ha\ e State 
(0), which is tentatively considered plesiomorphic for L-’f bees. 
Our treatment here is similar to that of other characters that seem 
to be associated with cocoon spinning. (See sections on Selection 
and Codingof Characters of Mature ban ae.) McGinlev (1981) and 
J. Rozen (in litt., 1993) regard State (1), produced, as ancestral 
but for the reasons indicated we .suspect that the intermediate con- 
dition, Slate (0), is ancestral for this stud\. 

40 (62). Labium and maxilla: (0) Distinct. (1) Fused. 

41 (63). Labium: (0) Exceeded in length b\ maxilla. (1) Siibe- 
qual to maxilla. (2) P^xceeding maxilla. 

42 (65). Inner apical maxillan surface: (0) Rounded. (1) Pro- 
duced mesally. In all Andrenidae, nearly all colletids, and melli- 
lids except Dasypoda. Stale (0) is found. We therefore have changed 
McC^nnley’s polarizatioit for the study of L-T bees. 

43 (68, 69). Maxillan palpus: (0) P'longate, usuallv twice as 
long as basal diameter. (1) Apparentlv absent. (2) Shorter than 
basal diameter. 

44 (70). Maxillan' palpus: (0) Slender. (1 ) Robust. Since Stale 
(0) is found in all andrenids and man\ colletids, and in half the 
melittid genera listed b) McChnley, it is tentatively regarded as ple- 
siomorphic. 

45 (71). Location of maxillan palpus on maxilla: (0) Ajjical. (1) 
Dorsal. (2) Wntral. Slate (0) characterizes all but one melittid and 
considerable numbers of colletids and andrenids. It is therefore 
tentati\elv regarded as plesiomorphic. 

46 (72). Galea: (0) Absent. (1) Pre.seni. Nearly all S-T bees ex- 
cept three melittid genera lack the galea, while it is present in mam 
L-T bees. See discussion in the section on selection and coding of 
lanal characters. 

47 (73). Labial division into premenium and posiinc’ntum: (0) 
Weak or absent. ( 1 ) Strong. All andrenids, nearly all halictids, and 
about half the colletids have State (0), which also (occurs in the 
melittids Hespempis and Capicola. We tentati\elv accept the [)olar- 
ity indicated. This character is largelv a.ssociated with (diaracter 
39 and the same comments applv to both. 

48 (76). Labial palpus: (0) Shoi ter than niaxillaiy palpus. (1) 
Subequal tt> or longer than maxillan' palpus. State (0) occurs 
in all andrenids, most colletids, and all but Maaopis in the Me- 
litlidae. This state is therefore considered plesicnnorphic for 
L-T bees. 

49 (77). SalivaiT lips: (0) Greatly reduced or absent. (1) Well 
developed. Although variable in melittids, the presence of Stale 
(0) in all andrenids and nearh all colletids and halictids suggests 
the polarity indicated. 

50 (79). SalK-an opening; (0) Transxerse. (1) Recuned. (2) (ji - 
cular or o\al. All the melittids have Stale (0). Other S-T bees 


mostly ha\e stales not represented among L-T bees, altlu)ugh 
some colletids Inne Slate (0). 

51 (80). Sali\an opening: (0) Nearly as broad as distance be- 
tween labial palpi or broader. (1) Much narrower. Although melii- 
tids are variable, all andrenids and halictids and all colletids except 
CoUetes have Stale (0), which is therefore considered plesiomor- 
phic. 

52 (81). Position of salivaiy opening on labium: (0) Apical. (1) 
Dorsal. State ( I ) is found onlv in Xvlocopinae. 

53 (84). I hpophanngeal size: (0) Nonnal. (1) Enlarged. Among 
L-T Ixes, Slate (1) occurs only in certain parasitic bees. 

.54 (85) . Ajx'x of hypoplumnx: (0) Rounded. (1) Bilobed. Al- 
though variable in melittids, this characiei is as State (0) in all hal- 
ictids and andrenids and nearlv all colletids. 

55 (87). I Iv)X)phyrangeal groove: (0) Distinct. (1) Absent or in- 
distinct. 

56 (88). Bod\ integument: (0) With patches or lrans\ei se rows 
ofconspicuous spicules or setae. ( 1 ) Without conspicuous spicules 
or setae. Ro/en (1987, p. 8) showed that this and the next char- 
acter, as treated b\ McGinle\ (1981 ), require restatement. While 
constrained b\ the character states as recorded bv .McCiinle\, we 
have tried to word the characters in wavs that remain meaningful 
for analysis. The "setae” of man\ megachilids are primarib elon- 
gate, erect spicules. A few true setae are intermixed, and are as 
long as the spicules. The haiiy appearance of most megachilid lar- 
vae is a strong apomorphy (Charat ter 57) . Character 5() has to do 
with patches or kxvs of spicules and setae, mostiv directed back- 
ward, not comparable to the generally distributed erect hairs 
found on many megachilids. 

57 (89). Body integument: (0) Apparently nonselose. (1) Seem- 
ingly conspicuously setose. Sphecids and most megacliilids are con- 
spicuously liain, and as pointed out by McGinley (1981) and 
Michener (1953), this should be tlu^ plesiomorphic state. 1 lowe\er, 
near ab.sence of hairs in all S-T bees except certain melittids re- 
quires ns to polarize this charactei as indicated above, implving a 
l eversion in megachilids. Presence of hairs in most allodapine lar- 
\ae shows that they can appear in lines that nearly lack them. 

58 (92). Paired dorsal darkened areas on thoracic segments: (0) 
Absent. (1) Faintly evident. 

59 (93). BocK length: (0) Moderate. (1) Long. 

60 (94L Body form: (0) Robust to moderateh robust. (1) Slen- 
dei . 

61 (95). Body, as .seen in side Mew; (0) Widest medially. (1 ) Widest 
posteriorlv. 

62 (101). Median dorsal abdominal tubercles: (0) Aljsent. (1) 
Piesent. 

63 (102). Dorsal conical tubercles, two per segment, usualh dark- 
ened and pointed, on thorax and at least first abdominal seg- 
ment: (0) Absent. (1) Present. 

64 ( 1 05). Wnter of abdominal segment IX: (0) Not protuber- 
ant. (1) Protuberant. 

65 (106). Length of abdominal .segitieiU X: (0) Moderate. (1) 
Long. (2) Short. 

66 (109). \enter of abdominal segment X: (0) Rounded, not 
produced. (1) Produced. This character is sufhciently \ariable 
among S-T bees that the polaritv has to be considered doubtful. 

67 (111). Dorsum of abdominal segment X: (0) Without irans- 
\erse line oi ridge. ( 1 ) With trans\erse ridge. (2) With iransxcrse 
line. This character varies in Meliitidae but shows State (0) in all 
Andrenidae and nearly all (a)lletidae. 

68 ( 1 1 3). Anus positioned: (0) Apicalh. (1) Dorsalh. (2) Wn- 
trally. 

69 (1 16). Spiracular sclerites: (0) Absent. (1) Present. 

70 (1 17). Spiracular auial shape: (0) Subglobular to .subquad rate 
to broad and rounded. ( 1 ) Wn broad and shallow. Because State 
(0) occurs in all mellitids and andrenids as well as some colletids, 
we consifler it plesiomorphic for L-T bees. 

71 (118). Spiracular atrium: (0) Not or little produced above 
body surface. (1) Stronglv produced. State (0) is found in almost 
all S^4' bees except some melittirls. 
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72 ( 1 19). Spiraciilar amal wall: (0) Xoi ridged. (1) Ridged. 

73 ( 120). Spiraciilar atiial wall: (0) Without spines. ( 1 ) With small 
spines or denticles. (2) With long sj^ines. Spines or denticles are 
widespread and may be plesiomoi phic for bees as a w hole, but since 
all andrenids, nearly all melittids, anti man\ collelids have State 
(0), we consider it plesiomorphic for this study. 

74 (121). Spiraciilar atrial rim: (0) Present. (1) Absent. 

75 (122). Width of spiraciilar peritreme: (0) Narrow (even al> 
sent) to moderate. (I) wide. 

7b (125). PrimaiT tracheal collar: (0) Smooth. (1) Spinose. 

77 ( 126). Spiraciilar subatrial lenglli: (0) Moderate, more than 
two to four times atrial length. (1) Over four times atrial length. 
(2) Twice atrial length or less. Although all melittids e.xcept 
Meganomia have Slate (0), variabililv in other S-T bees makes our 
jDolaritv for this character inconclusive. 

Table 3 shows the states ol the laiaal characters foi the species 
included in this stiidv. 


PHM.OGEXETIC AXAIASES 

Computer analy.ses of exemplar species using data in the 
character matrices (Tables 2 and 3) were made with Hen- 
i:iig86 1.5 (Farris, 1988) running on a Zenith 386. Certain 
analyses were also made with PAUP 3.0g (Swofford, 1990) 
using heuristic search with TBR branch swapping and the 
Deltran option. The l esiilts were identical to those obtained 
with Hennig86. Analyses that resulted in more than one tree 
were each summarized by a consensus tree using Hennig86. 

Maddison (1991) has demonstrated that sometimes mul- 
tiple islands of minimum-length trees exist and that not all 
of them are found in simple analyses. Therefore, using the 
trees produced by the algorithms h, h*, m, and m* pro\ided 
by the Hennig86 program and two arbiti arily constructed 
trees, a multiple search for minimumdength trees was made 
ap]3lying the branch swajiping algorithm bb*. For most 
analyses a single set of such trees was obtained, but in the 
study of laiwae (Analysis E) two islands of trees were found. 

In stud\ing the ciadograms, and seeing that a character 
state appears at two or more widch different places, it is 
tenij)ting to re-examine the characters, discern differences 
between apparently distantly related possessors of a given 
state, and decide to make two or more characters, thus 
eliminating apparent convergence. We have done veiy lit- 
tle of this, although the l esult woidd ha\ e been c iadograms 
with higher consistency indices. This sort of activity is likely 
to be highly subjective, because with the desire to improve 
the tree, one can often find differences betw’een similar struc- 
tures in different chides that can be interpreted as indica- 
tions of independent origins. It seems better not to engage 
in such potentiallv circular ac tiMu^ except in the clearest cases. 
See also Concluding Remarks. 

In the analyses presented below, we have not introduced 
differential weighting of characters. To do so ad hoc is ar- 
bitraiT. We tried the successive weighting option of Hennig86 
but as might be anticipated, it accentuated the predominance 
of correlated characters related to the parasitic way of life. 

Within most of the analvses (A to H) the various mini- 
mum-length trees were similar to one another in the topol- 
og\' of larger units and to a considerable extent were fullv 


resolved. We therefore selected a minimum-length tree for 
presentation of some of the analyses, \\4ien such trees dif- 
fer, resulting in jiolyiomies in consensus trees, the matter 
is mentioned below, as are the two islands of ti ees in Anal- 
ysis E. 

The following is a list of the analyses: 

A»<7/vsb A w’as based on the fidl matrix (82 taxa, 131 char- 
acters) of adult characters. (See Table 1 for list of taxa. List 
of Adult (diaracters fc:>r character state codes, and Taltle 2 
for the matrix.) Tree length (L) w^as 894, number of mini- 
mum-length trees (T) was 756, consistency index (ci) w^as 
19, retention index (ri) was 65. One of these trees is show n 
as (dadograms la and lb. After the first branch sw'apping 
a full buffer presented further swapping. For this reason Anal- 
ysis B was performed. 

Analysis />was based on a matrix reduced in information 
content bv collapsing to pohtomies four groups, namely, 
Melittidae (Ciadograms la, lb. Node 2), Megachilinae 
(Node 7), Emphorina (node above 34), and Eucerini (node 
al)o\e 39). Collapsing w^as done bv changing characters of 
taxa that \ aried within the group to the state found in the 
root of the group in Analysis A. Wlien the state of a char- 
acter in the root was equivocal it w^as not changed. Thus the 
matrix was the same size as for Analysis A but indicated much 
less diversity for the four groups listed. For Melittidae, char- 
acter 73 w^as ecpiivocal and character 100 w^as also not col- 
lapsed because to do so would have made Uvo submarginal 
cells plesiomorphic, whereas we believe that three is the ple- 
siomorphic condition. Other characters that were eejuivo- 
cal were, for Megachilinae, 79; for Emphorina, 21; and for 
Eucerini, 121. Statistics for Analysis B: L 762, T 270, ci 22, 
ri 70. There w as no problem of a full buffer limiting swap- 
ping. Xo cladogram is proMded to repi esent results of Anal- 
)'sis B because tree topologies were so similar to those of 
Analysis A. 

Analysis C used the same modified matrix as for Analy- 
sis B, except that five character.s (19, 29, 84, 105, and 1 13) 
that seem related to clcqMoparasitism were omitted. The de- 
rived state of each of these characters is found only or 
largely among parasitic bees and the ancestral state among 
nonparasitic bees. This manipulation ^vas made because in 
Analyses A and B, features characteristic of parasitic taxa 
appeared as ancestral for both parasitic and nonparasitic 
bees. We reject hvpotheses that a nonparasitic bee could 
evolve from a parasitic ancestor, because of the parasites’ 
loss of behavior and structures (like the pollen-cariying 
scopa) necessaiy for successful nest construction and pro- 
\isioning. Statistics: L 719, T 17(k ci 23, ri 70. The basal parts 
(i.e., to the tribal level but largelv without genera) of one 
of the trees is show n as Cladogram 2a, and a simplified ver- 
sion ill Cdadogram 2b. 

Analysis D used the matrix of Analysis A except that all 
cleptoparasitic taxa were omitted, resulting in 54 included 
taxa. Like /Vnalysis C, this was an effort to determine whether 
the parasitic taxa were greatly influencing, because of con- 
vergence misinterpreted as homolog)’, relationships showai 
among nonparasitic taxa. Statistics; L 628, T 1 71 2 plus over- 


1.onc>Toxc;l’fi) Befs 


143 


1 able 3. Matrix oF(4iaracter States for Mature Lanae 
Tlie characters and states are explained in the Annotated List of Lanai (3iaracters. 


Ancestor 

Macropis 

Melitta 

Dasypoda 

Capicola 

Hesperap 

Meganomi 

Ctenople 

Stelis 

Lithurge 

Dioxys 

Hoplitis 

Coelioxy 

Trachusa 

Megachil 

Osmia 

Anthidiu 

Dianthid 

Ashmeadi 

Fidelia 

Neof idel 

Paraf ide 

Pararhop 

Melecta 

Thyreus 

Zacosmia 

Rhathymu 

Acanthop 

Isepeolu 

Protepeo 

Triepeol 

Epeolus 

Nomada 

Oreopasi 

Pseudodi 

Ammobate 

Morgania 

Holcopas 

Neopasit 

Neolarra 

Xenoglos 

Peponapi 

Melanoma 

Paranoma 

Centr is 

Epichari 

Habropod 

Anthopho 

Diadasia 

Melitoma 

Exomalop 

Xylocopa 

Ceratina 

Allodape 

Paratetr 

Apis 

Bombus 

Euf iesea 

Melipona 

Trigona 
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lIo^v^ ci 26, l i 66. Tlic consensus tree based on the 1712 trees 
is sho^vn as Cladogram ?n\, 

F. A. SiI^'eira l epeated our Analysis 1) and then re-exam- 
ined the relationships using successive approximations char- 
acter weighting (Fan is, 1969). Statistics: L 635, T 8, ci 26, 
ri 66. The topolog)’ different from that of tlie first part of 
Anal) sis D is presented in Cdadogram 31). 

Analysis /'was based on the matrix of characters of ma- 
ture laiwae (61 taxa, 77 cliaracters). See Talile 3 for the ma- 
trix and taxa and tile List of l.aiTal (diaracters for characters 
and states. Two islands of trees were found. For the larger 
island, the statistics are: L 482, T 1 76, ci 18, ri 67. The con- 
sensus tree is shown as Cladogram 4. The smaller island re- 
sulted in 16 trees, and otherwise the same statistics. As 
noted below, the trees of the smaller island were not use- 
ful and no cladogram representing them is presented. 

In order to compare analyses based u|ion lanal and adult 
featiii es, we reduced matrices to include onlv taxa for whicli 
both character sets were available, as follows: 

Aunlysis F based on laiwal characters (47 taxa, 77 
characters). Statistics: L 41 1 , T 12, ci 21 , ri 63. 

Analysis G was based on adult characters (47 tiixa, 131 char- 
acters). Statistics: L 625, T 940, ci 27, ri 62. 

Analysis H was based on a matrix (47 taxa, 208 characters) 
consisting of both lan al and adult characters, i.e., matrices 
for Analvses F and G combined. The taxa are those in com- 
mon at the genus kwel betiveen Analyses A and E, except 
that laiwal Allodapf c\m\ adult c haracters consti- 

tute one taxon for purposes of Analysis H. Likewise adult 
Hiaslf^s 'iWid laiA'al N('opasilcss\cvc associated, as were adult i\o- 
mada (Fachynomada) and laiwal Xomada (Xomada s. str.) Sta- 
tistics: L 1079, T 1 , ci 24, ri 60. The single tree, in summan 
form, is shown as (dadogram 5. 

In Claclograms 1 and 2 certain nodes are numbered, 1- 
39 in (dadograms la and lb and 40-59 in Cladograms 2a 
and 2b. 

Analysis A: Of the trees derived from Anaivsis A, we pre- 
sent one (Cladogram la) in full detail l)ecause it is based 
on all tbe taxa and all the characters. As w\\\ be shown 
belo^\^ other anah'ses j)i o\ide better phylogcaietic hxpotheses. 

A striking leature ol Cladograms la and lb is the exten- 
sive resolution. The consensus tree (Cladogram lb) shows 
few polytomies; that is, most of the topological features of 
Cladogram la are found in all the trees based on i\nalysis 
A. The polytomies in the consensus tree (which in all other 
respects, ol course, is like (dadogram la in topolog)) are 
listed below; tlu* genera included in the family-group taxa 
are listed in the section on Classificatoiy Results. 

1 . Within the Melittidae (Node 2) , four groups fonu a poly- 
tom) : Manopis, Dasypoda, Hesperapis, and a common stem 
for Alelitta and Mfo^anomia. 

2. Within the Megachilinae (abo\e Node 7), a polytomy 
supports four branches: Osmiay Iloplitis, the Megachili ni 
and the Anthidiini. 

3. Isowalopsis, Exomalopsis, and the stem leading to all 
taxa above (Node 31 ) form a trichotomv. (See reanalysis bv 
Siheira, 1993.) 


4. Immediatelv above this trichotomy there is another con- 
sisting of CAenoplecira, the Emphorini, and the (Pdicerini + 
Tarsalia) f the Tapinotaspini (Nodes 33, etc.). 

5. Within the Emphorini (node above 34) there is a tri- 
chotomy consisting of Melitoma, Diadasia, and Diadasina + 
Fiilothrix. 

6. Within the Tapinotaspini (Node 37) there is a jxih tomy 
consisting of Cnenonomada, Monoeca, Paratetrapedia + the 
subgenus Arhysocehle, and lapinotaspis + the subgenus 
Tapinorhina. 

7. Fiifninoda, the rest of the Eucerini, and Tarsalia (An- 
cvlini) form a ti ichotoiu) (Node 38). 

8. Within the sul)tribe Eucerina (node above 39) there 
is a trichotom) consisting ol Caneplionila, Mrlissodes + Svas- 
tra, and Euma -r Peponapis, 

Items 3 and 4 in the above list are the only ones involv- 
ing stems leading to otlier major taxa. 

There are few uniquely dei ived characters sup|jorting tlie 
major (lower) nodes of (4adogram 1 ; a strong exception is 
(4iaracter 131 (number of ovarioles or testicular tubules) 
in Node 5. It is not sin prising that some of the nodes, es- 
pecially those sup])oi ted by few characters (e.g., 9, 17, 19, 
27), are weak and for biological understanding should be 
collapsed on the basis of our study. Further study by Sih eira 
( 1993), however, supports some of these nofles. 

The characters of Node 1 (the common stem) include 
Uvo apomorphies of nielittids and L-T bees together (27-1 , 
42-1 ). A discussion of these and other common characters 
of Melittidae and L-T bees was given bv Michener and 
('.reenlierg, 1980. (characters 68-3 (pre-epistei nal ridge) 
and 100-1 (.submarginal cells) are reductions that are re\ersed 
at various points on the tree. We do not believe that the) 
represent the true course ol evolution because regaining 
ol lost structures (e.g., a wing vein, character 100) is imlikeh . 
See subsequent analvses for discussion. 

(4iaracters of Node 3 include several features of the 
inouthparts (34-1 , 35-1 ,41-1, 45-1 , 48-1 , 51-1, 52-1 , 53-2 and 
5()-l ) that are characteristic of l.-T bees and differentiate 
them from S-T bees. Although the node is strongly suppoi ted, 
for most of these characters there are scattered i e\ersals, 
and all but 56 reverse at least once. Ctenoplrctra is the only 
taxon that reverses se\ eral (seven of nine) ol these charac- 
ters, including 48-1 w hich is the hallmark of L.-T bees. Char- 
acters 76-1 (hind coxal articulation) and 91-1 (shape of 
middle tibia of female) are also features of most L-T bees, 
with only one re\ersal (lapinotaspis) for 76 and scattered re- 
versals for 91. Characters 8T1 (basitibial plates) and 1 13-1 
(prepygidial fimbria) represent losses at Node 3; the struc- 
tures reappear again elsewliere on the tree. Regaining of 
lost structures is not evolutionarily likely. 

Node 5 is strong!) supported by character 40-1, which is 
reversed onh in Node 23. Character 122-1 is reversed only 
\sithin Nomadinae and in Coelioxoides^nd ls(peolus. Character 
131-1, four ovarioles or tesiieular tubules instead of three 
as in Megachilidae and S-T bees, does not re\erse although 
more than four (131-2) occur in most Nomadinae, in Fn- 
rrocis and in Apis. (dKiractei 105-2, a ven sliort jugal lobe. 
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is jii imarilv a feature of parasitic bees. In the dadogram it 
is reversed in Nodes 19 and 21 . We do not believe this rep- 
resents a likelv e\'olntionaiy pattern, although we know 
nothing of the function of the jugal lobe or whv it slK)tdd 
be small in parasitic bees. C4iaracter I2(>2 (volsella) is a loss. 
The volsella reappears in Node 21, in the Osirini, in the 
Isc])eolini, in CoeUoxoides, and in some Xomadinae. Since 
reacquisition of a lost sli uclure is improbable, we cjiiestion 
the probability of this reapjDearance. 

Node 7 (Megachilinae) is supported b\' (duiracters 1-1 
(subantennal sutures) and 31-1 (dististipital jnocess), found 
onlv in this sul>famil\, although neither is conspicuous or 
unifornih well develoj^ed. Character 7-1 (long labi um) ap- 
pears also in Seofidelia, Thyreus, and some Xomadinae, al- 
though in the Apidae with a long labi um, it does not have 
die broad basal articulation to the chpeiis found in Megachil- 
inae, and is clearly independenih evolved. 

Node 8 (Xomadinae) is supported b> Character 53-1, 
which represents reduction ol the llabellum as is Irequent 
in parasitic (and some other) taxa. (diaracter 111-1 (shape 
of S6 of female) is nni(]ue for the Xomadinae. Character 
131-2 (more than four follicles) occurs in all Xomadinae 
for which the character is know n except some species of A'e- 
mada. The clades within the Xomadinae are considered in 
the discussion of Classificaton Results. 

Xode 9 is supported by Characters 23-2 and 30-1, which 
are revei sed in scattered taxa. (Character 127-1 (spatha pres- 
ent) should probably be in Xode 5 since most Xomadinae 
that do not have reduced genitalia have a spatha. The spatha 
is lost in scattered taxa abo\e Xode 9. 

Xode 1 7 is best supported by (dtaracler 68-1 {pre-t"pisternal 
internal ridge cuning back to scrobe), but the ridge is re- 
duced or lost in various taxa (mostly parasitic) and extends 
a short distance dow'uward (68-0) in hcpeohis. I his node is 
not strongly suj3ported. 

Most of the remaining numbered nodes, likewise, are 
sup|3orted principalK by characters that ai e weak because 
of re]3eated re\ersals and appeal ance of the same states 
also elsewhere in the tree. The following are the node num- 
bers, each followed bv a dash and numbers of character 
states that are infrequently reversed or repeated elsewhere 
in the study and therefore ajjpear to give the stronger 
siippoi t for each: 1 8— 50-1 , 79-1 ; 19— 89-1 ; 20-54-1 , 7T1 ; 2 1— 
104-1:23-90-1, reversal 40-0: 24-101 -1 , reversals 80-0, 9 1- 
0; 26-reversals 5-0, 75-0: 30-89-2; 31-62-1, 70-1 , 79-1 , 121-2, 
reversal 80-0: 33-58-1 ; 35-90- T, 36-63-1, reversal 6-0; 37- 
32-1, 72-1. Particularly weak nodes are 17, 18, 19, 21, 27, 
30, 32, and 35. 

The following are comments on strengtlis or weaknesses 
of the other numbei ed nodes. 

Xode 22 is supported especially b) Character 10(T2 (long, 
oblique vein cu-v of hind wing), which is found only here, 
although a le.ss exti erne \ ersion (106-1 ) occurs in some An- 
tho]3horini and in Rhathymus. (’haractei 41-2 also appears 
in Anthophorini. Character 101-1 also appears in An- 
thophorini and elsewhere, (diaracter 102-1 also appears in 
Anihophomc\n(\ Cenlfis, as well as elsewhere. Character 123- 


2 occurs also in Epichcms, some Osirini, and some Xoniad- 
inae. Xone of these characters seems related to the para- 
sitism of the Ericrocidini and Melectini. 

Xode 25 (the apine clade) is one of the best-su))j3t>rted 
nodes in the studv. Character 60-1 (expanded pollex) is 
unique except for the \en' different sort of ex])ansion in 
Megachilinae. Character 85-1 (tibial corbicula) occurs else- 
where onh’ in Canephorula. Other characters having to do 
with | 3 ollen manipulation and transport, Cdiaracters 8(V1, 
87-1 , and 88-1, are unique to this node except that 87-1 oc- 
curs also in Ctn}ople( Ira m\(\ 88-1 is reversed in Meliponini. 
(diaracter 7T2 occurs also in some Melectini and Ericroc i- 
dini. (Character 78-1, othenvise unknown in l-T bees, is re- 
\ei sed in Meliponini. Thus this node is suj3])orted not onh 
b) the well-known hind tibial citaraciers but also i>y other 
features, (diaracler 105-3 (loss of the jugal lobe), howc'ver, 
is reversed to 105-0 in A/3/‘sand x\Ieli]3onini. Reappearance 
of lost structures is improbable and this reversal is e\(>lu- 
tionarilv unlikelv; independent losses in Euglossini and 
Bomhus involve the same number ol steps as one loss and 
one gain and ^vould be more likely. 

Xode 27 seems supported by C4iaiacter 29-1 (stipital 
comb). This character, however, appears also at Xode 23 
and in most Osirini. Moreover, some Xomadinae have stip- 
ital concavities; the\ are probably deri\ed fiom ancestors 
with the comb. Probably 29-1 should be at Xode 5, as a char- 
acter of Apidae, lost in numerous parasitic taxa. If this were 
done, Xode 27 would have little support. 

Xode 28 has four reversals ((>(), 8-0, 23-0, and 30-0) of chai- 
aclers that appeared in Xodes 5 and 9. This supports the 
movement of the X\locopinae tow^ard the base of the tree 
as in Cladograms 2, 3, and 5, eliminating the rcnersals. 
Character 120-2 is found elsewhere only in Apis, where it 
Ioc3ks \ eiy different. 

Xode 29 is su|3ported bv (diaracters A-2 (facial foveae) and 
49-1 (incised base of labial palpus), which reverse to 3-1 and 
49-0 in Xode 33 and thus characterize the Exomalopsini. 
.Moreover (character 7,5-1 is a reversal from 75-2, and goes 
l)ack to 75-2 in Xode 33. For further consideration of the 
Exomalopsini, see Silveira (1993). 

Xode 32 is supported by Character 19-1 which, however, 
appears in many other parasitic groiqxs, but not in ]x>llen- 
collecting bees. It is probabh a con\ergent feature of para- 
sitism rather than an indication of phyletic relationship. 
The other characters on this inxle are weak; the node itself 
should probablv be eliminated in fa\or of a polytomy at 
Xode 19. 

Xode 34 (Emphorini) is suppoi ted by Charactei 67-1, 
which is unique to the Emphorini. Cdiaracter 11-1 (inter- 
nal antennal sclerite) ap|>ears elsewhere in Coelioxoides a\u\ 
is onlv partly de\e loped in Ancyloscelis. 

Xode 38 (Eucerini I'arsalia) is supported by Cdiarac- 
ter 124-2, w hich appears also in Alloda|)ini and Xomadinae 
but is so different as to be a gotxl eucerine + ancyline char- 
acter. 

Xode 39 (Eucerini) is supported b\' (diaracter 12-1, whit h 
is unitjue for this group. 
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Cladogram la. One minimum-length tree based on Analysis A showing relationships based on adult c haracters among rej^resen- 
taii\e genera of long-tongued bees. Tlie base of the cladogram is at the lower left of the first page. Characters are numbered accord- 
ing to the .Annotated List of Adult Characters. Character transformation is symbolized as follows: dots indicate changes that occur 
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once in the tree, bars indicate changes that also occur in parallel elsewliere in the tree, black crosses indicate reversals to a state ah 
ready present basalh in the tree, white crosses indicate i c-re\ersals. Only nodes referred to in the text are numbered. Capital letters 
and arrows indicate continuation of the tree on another page. Capital letters and black squares sene to matcli branches of tlie tree 
in tlie same page. Node 2 subtends the Melittidae; 4, the Megachilidae; 8, the Nomadinae; 25, the apine clade; and 28, the Xylocop- 


Continued on page 148 
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Qadogram la, tniuiniied. 


Analysis B: As explained above, this anahsis contributed 
nothing of importance to our understanding of phylogeny 
since the trees produced were veiy similar to those of Anal- 
ysis A. On the other hand, Analysis R added to our confi- 
dence since we could examine all tlie shortest trees. The fact 


that tliey were similar to the subset examined in Analysis A 
provides important support for this analysis. 

In Analysis B the number of submarginal cells (Charac- 
ter 100) does not revei se from two to three, as in Analysis 
A. 
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Cladogram lb. Summan Claclogram la with characters omitted. Lengths of \ertical lines are proportional to the numl)ers of 
characters. 


Analysis C: (Note that node numbers 1-39 are for Anal- 
)'sis A, Claclograins la, lb, while numbers 40-60 are for 
Anah’sis C, Cladogram 2a, 2b.) Cdadogram 2a, leased on Anal- 
)sis C (five characters associated with parasitism omitted), 
gives some striking rearrangements relative to Analysis A. 
There are no longer characters of joarasites in the stem 
from which nonpai asitic taxa seem to be derived. I he Xy- 


locopinae become the first bi anch of the Apidae, between 
Megachilidae and Nomadinae. In ca^nnection with this. 
Node 42 is suj)ported by Characters 40-1, 68-1, 122-1, and 
131-1. (diaracter 126-2 (loss of volsella) is reversed higher 
in the ( ladogram, which is not e\’olutionarilv likely. Lhe sup- 
port of the Xylocopinae lacks lour reversals shown in Node 
28 of (dadogram la; these characters appear in Nodes 43 
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Cladograni 2a. Basal parts (to families, subfamilies, and tribes) of tree based on adult characters, Analysis C (five characters re- 
lated to parasitism omitted). I'he base of the chuk)gram is at the lelt. 
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Cladogram 2b, Siiniman of Cladogram 2a, as consensus tree. Lengths of vertical lines are proportional to the number of char- 
acters. 


and 44. These nodes at e supported by characters that were 
reasonably strong in Analysis A. 

Node 45 is essentialiv like Node 18. Also the Teirapediini 
is supported b\ largely the same characters in Analyses A and 
B but Nodes 46 and abo\ e are substantially rearranged. The 
Anthophorini and Centridini are dissociated, the latter be- 
coming the sister grou]^ of the apine group of tribes. The 
consensus tree (Cladogram 2b) shows a polytomy of four 
branches: (a) Centndini + the aj)ine clades, (b) /Vnthophonni, 
(c) Rhathymini, and (d) Melectini -i- Ericrocidini. 


Node 51 is supported ottly b) Character 127-1 (spatha). 
As noted in Analysis A, this feature appears in branches 
throughout the Apidae and should probabh' be in Node 42, 
with losses in certain laxa. Thus 127-1 is probably ple- 
sioniorphic for Apidae: if so, Node 51 would collapse. 

Node 52 is su]3]3orted by C.haracter 89-1 which, howeyer, 
appears also in (kmtridini and as 89-2 in Anthophorini. 

The Protej)eolini {Leiopodus in Cladogram la, lb) and 
Isepeolini are united only by Character 64-1 (prosternal 
arms). A polytomy at 52 is a likely conser\”ati\e inteipretation. 
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7'he positions of Eremaph 'dnd Teraiognatha^Vi^ supported 
by Nodes 53 and 54, whicli liave almost tlie same set5 oi char- 
acters as 29 and 30, Cladogram Ta. Node 55 is identical to 
31 . Isomalopsiswud Exowalopsis are united in some of the Anal- 
\ sis C trees as is shown in Cladcjgram 1 a. See Sih eira (1993) 
for reanalysis of the Exomalopsini. 

The remainder of Cladogram 2a is rather different from 
Cladogram la and the topolog} of different versions is di- 
verse. The consensus tree shows a live-part pol\ torny as fol- 
lows: (a) iAjicvlini (Tar.salia \n (dadt)grams la and lb), (b) 
Ctenoplectrini, (c) Ta})inotaspini, (d) Emphorini, and (e) 
Encerini. As in Cladogi ams 1 a and 1 b, Cauephonda is in the 
midst of Encerini, not a basal branch. Of tlie three topolo- 
gies for this part of the cladogram found in Analysis C, one 
is shown in Cladogram 2a and 2b; another is as in Clado- 
gi ams 1 a and lb. A third shows the following arrangement: 
((((Ctenoplectrini, Tapinotaspini) Encerini) Emphorini) 
Ancvlini). 

Analysis D: For this analysis (parasitic taxa excluded), a 
summaiT based on the consensus tree is presented as Clado- 
gram 3a. Compared to Cladograms 1 and 2, various simi- 
larities are apparent. The Megachilidae are monophyletic 
and almost identical. The Xylocopinae are positioned as in 
Cladograms 2a and 2b and identical in branching pattern. 
(See the reanalvsis of the Xylocopinae in the discussion of 
Classificaton Results.) As in Analyses A, B and the Exo- 
malopsini constitute a paraphyletic group with the taxa 
arranged in the same way. (See the reanalysis by Silveira, 
1993.) This group is located, howe\er, between the Xvlo- 
copinae and all other Apinae, whicli are based on a large 
pohtomw In Anabses A, B and C there are two major 
ijranches separated at nodes 17 and 4 4 (see Cladograms 1 
and 2). Such branches are not e\ident in Cladogram 3a, or 
in the individual trees upon whicli the consensus tree was 
based. The eight branclies of the large poKtomy in the 
consensus tree are as follows: (a) TelrapedUi, (b) Tarsaiia, (c) 
Eucerinoda, (d) Ctcnopiertra. (e) Tapinotaspini, (f) Em- 
phorini, (g) Eucerina, and (h) a branch including An- 
thophorini, Centridini, and the apine clade. Thus a feature 
of Cdadogram 3a is the association ol the taxa listed under 
(h), as in Cladograms la and lb. 

\\ ith siiccesshe approximations character iveighting by 
F. Silveira, all eight trees were alike in topolog)’ except for 
differences within the Melittidae and in the relathe posi- 
tions of honudopsis, Exomalopsis, and the stem leading to most 
other Apinae. The consensus tree is therefore completely 
resohecl for i-T bees except for one poly tom v. Ihe topol- 
ogy for the Megachilidae, X\locopinae, Eremapis, Teratog- 
natha, and the pohtomy' {Exouudopsis, homaiopsis, other 
Apinae) is as in Cladogram 3a. The other Apinae are dhided 
into two main branches, as in Cladograms la, lb, 2a, and 
2b; unlike tho.se cladograms, howevei , the Encerini are in 
the same major branch as the apine clade and the An- 
thophorini, although near the ba.se of this group and thus 
near the other branch. The topology lor the Apinae above 
the poly tomy is shown as light lines, (Cladogram 3b. 

Analysis E: Based on lanae, this analysis results in two is- 


lands of trees; the major one ( 1 76 ti ees) is summarized by 
a consensus tree, Cladogram 4. The minor island's consensus 
tree (based on 16 trees) is discussed below. In bees, lanae 
that spin cocoons are usually dilferent in labial and other 
characters from lanae that have lost cocoon-spinning be- 
havior. However, within L-T bees these dillerences do not 
appear to inOuence the tree greatly, for most E-T bees spin 
cocoons, (diaracters 43-2, 47-0, 49-1, 50-2, and 51-1 tend to 
appear among non-cocoon-spinning taxa; such taxa among 
L-T l)ees are Ihyreii.s, Epichans, Anlhophorini, Xy locopinae, 
and Nomadinae, as well as one group of Melittidae. 

In the consensus tree for the major island of trees, the 
Nomadinae with hepeohis lorm a clade. The Brachy iioma- 
dini is the basal nomadine group in the consensus tree, in 
the trees of the minor island, and in Ro/en, Eickwort and 
fackwort's (1978) cladogram based on lanae. Also Neo- 
larrini and Biastini are sister gn>ups in these three analy- 
ses as are Epeolus and Triepeoius. Otherwise the three 
cladograms are quite dissimilar. \N'e do not wish to support 
the paraphvly of Ammobatini indicated in (dadogram 4 as 
well as in the analysis of the minor island of trees. 

The rest of the taxa in the consensus tree for the major 
island arise from a large polvtomy' (6 branches) as shown in 
Cladogram 4. One member of this poKtomv contains Wuif hy- 
mns, the Ericrocidini, Melectini, Ctenoplectrini, Megachil- 
idae and the tribes of the apine clade. Within this large 
group, the most surprising subgroup consists of the apine 
complex and most Megachilidae, with the Megachilidae as 
a whole being a paraplnletic unit from whi( h the apine 
complex aro.se. Since we did not directly examine the lar- 
\ae, lint merely used a table of diaracters, we only present 
this strange result, which disappears when laiTal and adult 
characters are used together (Analysis H, Cladogram 5). 

The minor island (j 1 trees gives strange results that we 
find not useful. The Nd^madinae are the sister group of Dasy- 
poda in the Melittidae. In the consensus tree there is a tri- 
chotom\ consisting of Capicola, Ilesperapis, and Dasypoda + 
Nomadinae. This trichotomy is the sister group of all the 
other bees in our study, which are divided into two gKJups. 
One consists of Exonudopsis, Para let raped ia, the Eucerina, Em- 
phorina (the last two as sisters), the Antho|3horini, Cen- 
ti idini, Eeiopodns, the last as the sister to Xy locopinae. The 
other consists of the rest of the Melittidae, Isepeoius, the 
Melectini, Ericrocidini, Clenoplectra, and the Megachilidae 
plus the tribes of the apine clade, the last arranged as in 
Cdadogram 4. 

Analyses F and G: These analy ses \vere designed to com- 
pare phvlogenies leased on lanae (F) and on adults (C). 
Many^ of the groups were alike in the iwo analyses, but the 
connections (i.e., the relationships of major groups) were 
often Cjuite diffeient. Comparing the consensus trees, the 
following taxa or groups appear in both: 

1 . Megachilidae. ¥ov adults the arrangement is similar to 
that of Analysis A. For lanae, Megachilidae are the sister 
group to the apine clade and im)st genera form a polvtomy 
except that Neofideiia and Parajidelia form a sister group 
arising from the polytomy . 


L()NL^ToN(.LEI) l^EFS 


153 



Cladogram 3: a. Consensus tree based on adult characters. Analysis D (all clepioparasitic ta\a omitted). Lengths ol vertical lines 
are proportional to numbers characters, b. The same, large polytomv ol 3a, resohed by use of successi^e approximations charac- 
ter weighting. (This is a consensus tree; j)ol\tomies occurred elsewhere.) The generic names are written out in lull in Cladogram 3a. 


2. Xomadinae. 

3. Xylocopinae. For adults the X\ locopinae is part of the 
large polylomy including all L-T bees except Megachilidae 
and Xomadinae. For lanae the Xylocopinae plus Leiopodiis 
constitute the sister group to Exomalopsis + Emphorini + 
Eucerini. 

4. Anthophorini — Centridini. For adults these tribes, as 
sisters, arise from the large polytomv. For lan ae these tribes 
constitute the sister group to Xylocopinae + Lriopodus + E.v- 


Emph(>rini + Eiiceiini, and the Anthophonni aiise 
from a paraphyletic Ontridini. 

5. The apine clade. P'or adults this clade arises from the 
large polytom)', Bombus, Eufnesea, and the rest forming a tri- 
chotomy. For lan ae, this clade is the sister group cTMegachil- 
idae; Bombus is the first branch, Eupiesea the next. 

6. Emphorini. For adults, part of a poh tomy including EV 
omalopsis, Paratetrapedia, and Eucerini. For lanae, the sister 
group to Eucerini. 
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Cladogram 4. Consensus tree based on the larger island of minimum-length trees using larval characters, Analvsis E. Lengths of 
\ertical lines are proportional to numbers of characters. 


7. Euceriiii. Sec comments on Emphorini. 

For adults, the Apidac are the sister group to Megachil- 
idae, the Lvo families together constituting; the L-T bees. For 
laiTae, the megachilids are a subgroup within the other L- 
T bees and sister group to the apine clade. But at the sub- 
family and tribal levels most genera fall ^vithin the same taxa 
(1-7 above) whether laiwae or adult characters are used. The 


exceptions are eight genera. Two that clearly constitute the 
Melectini (7Mrosmiamd Th^rens) in the adult cladogram are 
not widelv separated in that for lan ae. The other six seem 
to occup\ tpiite unrelated positions ^vhen one compares the 
trees based on lanae and on adults. The\ are Ctenoplecira, 
Exomalopsis, Isepeolus, I^opodus, Paratetropediaixwd Rhathymus. 
Each of these lacks close relatives available as both laiwae 
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and adults for our stud\; the\ arc thus not closeh' related 
to other taxa in Ai:ialysis H. 

From the above coin men is it is apparent that while the 
smaller groups (largely subfamilies and tribes, but includ- 
ing Megachilidae) usually are found in both the lanal and 
adult cladograms, the an angement of these groups is in some 
cases veiT different. Thus while lanal characters usually 
support adult-based smaller groups, they do not always sup- 
port the larger groups based on adult characters. 

Analysis H: This analysis was based on laiwae and adults 
combined, using the united matrices for Analyses F and G; 
it resulted in the single minimum-length tree shown in 
Cladogram 5. In a few features it is similar to the cladogram 
based on lanal characters (Cladogiam 4), but in other re- 
spects it resembles those based on adults. The following are 
interesting features of Cladogram 5. 

1. Melittidae. As in the lanal analysis (Cladogram 4), the 
melittids are divided and paraphyletic. 

2. Megachilidae. This family is not associated with Apini 
and its relatives, as in the lanal anah sis, but within the fam- 
ily the Fideliinae is paraphyletic, in contrast to Analyses A- 
D and C, Cladograms 1-5. Moreover, I loplitis:\nc\ Osmiam c 
separated rather than being sister groups as in Analysis A 
(Cdadograms la and lb). 

3. Xomadinae. The included tribes are not arranged as 
in the other analyses. See the reanah'sis under ClassificatoiT 
Results. 

4. hepeolus and Leiopodus are separated, but as in (dado- 
grams la, lb, 2a, and 2b, appear near the base of the 
Apinae. 

5. There are not two major branches such as separate at 
Nodes 17 and 44, Cladograms la, lb, 2a, and 2b. The tribes 
of the apine complex are arranged as in Cladograms la and 
I b but are not closeh’ associated with Anthophorini or Cen- 
tridini. 

6. As in Cladograms 3a and 3b, Cenhis and Kpichaiis form 
a paraphyletic group from which the Anthophorini arose, 
instead of being a sister group to Anthophorini as in (dado- 
grams la, lb, 2a, and 2b. 

7. Exomalopsis and Paratetrapedia are sister groups, to- 
gether the sister group to Emphorini + Eucerini, this w hole 
complex being the sister group tq Ctenoplectra. 

Many of the delations from Anah ses A to C are a result 
of the limited number of taxa for which laiwal data are 
available. For example, Exomalopsis cannot appear near 
other genera of Exomalopsini because there are no lanal 
data for the latter. 


ClASSIFICATOR\^ RESULTS 

At least the classificaton le\els, and often other features 
of classifications, are subjectively determined. No one of our 
trees can be used alone for de\eloping a classification, .\nal- 
vsis A has the full complement of adult characters and avail- 
able taxa but results in cladograms in which features of 


parasitic bees evolve into those of nonparasitic bees, among 
other problems. Analysis C partly corrected this problem and 
is probably our best tree on which to base a classification, 
although it suffers from collapsing of certain nodes as ex- 
plained for xAjialysis B in the preceding section. Analysis D, 
performed to further clarify the problemsarising from par- 
asitic bees, lacks all parasitic uixa. All other analyses lack many 
taxa because of the sparse information on lanac. 

The following classification, therefore, is based on avail- 
able information from the various analyses. Except for the 
Exomalopsini, all family-group taxa are found to be mono- 
phvletic in several or all of our analyses. The only com- 
monly accepted family-group taxon of L-T bees not included 
in oiir stud) for lack of specimei:is to dismember, the 
Townsendiellini, is included on the basis of another study 
(Roig-Alsina, 1991). The genera included in the study, and 
(occasionally others for clarification (the latter in paren- 
theses) are listed. 

Megachilidae 

Fideliinae 

1 ki rar h ( ) |o h i t i n i — Pa ra rhoph i Irs 
Fideliini — (Eidflia), Seofidelia, Parafiddia 
Megachilinae 

E i l h u r g i n i — Litharge 

.\nthidiini — Authidiuiih (Dioxys). Trachusa 
i\ 1 egac h i 1 i n i — Coelioxys, Megach ile 
( ) sm i i n i — Hoplitis, Osmia 
Apidae 

Xylocopinae 

X\'locopin i — Xylocopa 
Manueliini — Manaelin 
O ra t i n i n i — Cera tina 

lod apini — {A Hod ape), Bra a nsapis, A lacroga lea 
Nomadinae 

/\m moba t i n i — A m mobates, Oreopasites, 

("ae n op ro so p i d i n i — (Men op ros opi s 
Neolarrin i — Xeolaira 
' Fowm se n d i e 1 1 i n i — (ToumsendieUa) 

Nomadini — Xomada. subgenera Ceutnas'^nd Pachyno- 
mada 

B i as t i n i — Biastes, ( Xeopasi tes ) 

Hexepeolini — Hexepeolus 

.\mmobatoidini — (Ammobatoides) . Ho/copasites 
Braclnnomadini — Brachynomada, Kelita, Melanomada 
Epeolini — EpeoJus, Rhogepeolus, Ttiepeolus 
Apinae 

T elra])ed i i n i — Coelioxoides, Tetrapedia 
Rhathymini — Rhathymus 
Euglossini — Eufnesea, Euglossa 
Bombini — Bombas 
Apini — Apis 

Me li j:)o n i n i — 3 lelipona. Pa i1a mona, ( Tiigona) 

Ce n 1 1 i d i n i — Cent lis, Epi ch a tis 
An t hoph ori n i — A nthoplwra, Deltoptila, liabropoda 
E ricroc i di n i — Enoaocis, A lesonychi a w, A lesopJia 
Melectini — (Alelerta), lliyreus, Xeromelecta, Zacosmia 
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Cladograni 5. Minimum-length tree based on lanal and adult characters, Analysis II. Lengths of vertical lines are proportional to 
numbers of characters. 


Osiiini — EccUtodes, (Epeoloides), Osins, Parepeobis 
Protepeolini — Eeiopodus 
Isepeolini — Isepeolus, Meleetoides 

Exonialopsini — Eremapis, Exomalopsis, isomedopsis, Tn~ 
atognatha 

Ai 1 cyl i n i — ( A cyla), Tarsedia 
Eucerini 


E u c e r i n od i 1 1 a — E u cen nod a 

Eiicerina — CaNephonda, Eucera, Melissodes, Pepon- 
apis 

Paiipborini 

Anc\ 1 osc c* 1 i n a — A n ry las ad is 

Emphoiana — Diadasia, Diadasina, Meliioma, I^dothnx 
('teiioplectrini — Ctenoplpctra 
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Tapinotaspini — Caenomnnada, Mouoeca, Paratetrapedia 
and subgenns Arbysocehh\ Tafnuotaspis wnd siibgenus 
TapiuorJuua 

Our cladograms sliould not be used to develop a classi- 
fication of Melittidae, We included melittid genera foi our 
analyses as an outgroup. To devehjp a classification of that 
family, more genera, probabh other characters, and out- 
groups among the S-T bees should be used. Laoae suggest 
that the family Melittidae is not monophvletic and Michener 
(1981) found no svnapomorphies for the family. We, how- 
ever, found the small intercalaiy sclerite between the cardo 
and stipes (Character 2(>1 ) \vluch appears to be a familv level 
synapomorph) . The sclerite, however, is sometimes ex- 
ceedingly small and inconspicuous. 

The f5deliinae,\sith its subdhision into tribes Pararhophi- 
tini and Fideliini, appears in all trees based on Anahses A 
to D. This arrangement, although not pre\iouslv formalized, 
is similar to that which Rozen (in McGinley and Rozen, 1987) 
eiivisioned. The Fideliinae is strongly supported bv Char- 
acters 83-1, 92-1, 1 14-1 and 117-1, the first and last of which 
are unique to this subfamily. Another unique character of 
the subfamilv is the cocoon mixed with sand pre\iouslv in- 
gested by the laiwa (McGinlev and Rozen, 1987). 

The position of L///nngcas the sister gi oup of the rest ol 
the Megachilinae appears in all trees based on Analvses A, 
D and H. Synapomorphies of the tribe Lithurgini are listed 
by Michener (1983). If one wishes to use the categon sub- 
tribe, then the lathurgini and Mcgachilini could be tlie two 
tribes of Megachilinae, the Megachilini being di\ided into 
the subtribes Anthidiina, Megachilina, and Osmiina, al- 
though in the consensus tree of Anahsis A Osmia and IIo- 
pUtis arise separately from the same poh tonn as the other 
two tribes. We prefer the classification shown above be- 
cause there is no objective basis for changing the established 
recognition of Anthidiini, Megachilini and Osmiini as tnbes. 

The subfamily Xylocopinae appears as a recognizable 
group in all trees. Its position at the base of the Apidae is 
shown in Analyses C and D ((dadograms 2 and 3) and it is 
near the base (above Xomadinae) in Analysis H (Cladogram 
5). The sistei* group relationship of X\locopinae to the 
apine clade indicated by Sakagami and Michener (1987) is 
seemingly incc^rrect. As indicated at that time, it was based 
largely on the similar structure of S8 of the male, which is 
now recognized as a plesiomorphy. There are, however, 
beha\ioral characters such as food storage outside the lar- 
val cells that suppc^rt the supposed relationship of Xylo- 
copinae with the apine clade. We now' believe these 
behaxioral similarities to be comergent. 

Within the Xvlocopinae, our analvses sluwv Xylocopa to be 
the first branch, while Sakagami and Michener (1987) found 
MamicUa to be in that position, i.e., their tree differed from 
ours in that MamieUa ?a\d A v/oco/;r/ exchanged positions. We 
therefore reanahved the Xvlocopinae, using the 41 characters 
of the present study that vaiy among our exemplars of the 
subfamilv, repolarized as necessaiy according to the condi- 
tion found in Node 42, and seven additional characters used 


by Sakagami and Michener (1987, characters 6, 16, 21-23, 
26, 27). The outgroup used w'as all plesiomorphies (all O’s). 
The result was two equal!) parsimonious trees (statistics: L 
64, T 2, ci 82, ri 71 ). The difference between the two trees 
is in the positions oi Xylocopa and Matnielia, one Inn ing the 
topolog^' of Sakagaini and Michener (1987), the other that 
of the present studv. If one must choose, COM favors M(uiudia 
as sister groujD to the others because of the strong svnapo- 
morph) of S8 of the male for the other tribes, countered b\ 
a plesiomorphic S8 in Manuelia (Sakagami and Michener, 
1987). (It should be noted that Figure 10 of Sakagami and 
Michener [1987] is imeried; the truncated spiculum is di- 
rected upward on the page.) 

The relationships within the subfamily Xomadinae as 
shown in Anal) sis A (Gladograms 1, la) differ in several re- 
spects from those based on lanae and those given b) Roig- 
.\lsina ( 1991 ). A reanalysis was made of Xomadinae alone, 
using 36 adult characters from the present stud^' repolar- 
ized as necessan according to the condition found in Xode 
43, and adding nine other characters used by Roig-Alsina 
(1991, characters 4-8, 10-13) but omitted from our study of 
L-T bees. Biastes was coded as plesiomorphic for Roig- 
Alsina's character 12 (degree of fusion of furciila) because 
of the plesiomorphy seen in its near relathe, Rhopalolemma. 
A single shortest tree (L 1 14, T 1, ci 46, ri 56) was found. It 
is like that of Roig-Alsina (1991 ) in topolog\' except that the 
positions of Hcxepeolus and Xomada are re\ersed. This re- 
anahv.ed tree of Xomadinae is presumablv more reliable than 
that shown in our cladograms. 

Our trees and Roig-Alsina’s based on adults show Orcop- 
asites and Caeuopwsopis as the sister group to the rest. We 
considered using this diMsion to recognize two ti ibes, each 
with subtribes. The laiwae do not at all support such tribes 
(see Analysis F and Rozen, Eickwortand Eickwort, 1978) and 
in the study b) Roig-Alsina (1991) Toumseudiflla could be 
equally parsimoniously placed in eithei tribe. Furtbermore, 
the detailed analysis bv Alexander ( 1 990) does not demon- 
strate the two major groups within the Xomadinae tliat we 
found. We therefore retain the numerous tribes of pre\i- 
ous works, and for consistenc) add two new ones, the Hex- 
epeolini (new famih-group name for Hexepeolus) and the 
Brachynomadini (new family-group name for Brachyno- 
mada, Kelita, Melanomada, Para)iomada,mM\ Tnopasitrs) 
Brachynomadini is the melanomadine complex of Alexan- 
der (1990). 

The reason for the great difference between our results 
and Alexander’s may include the lolkwsing: He included Urxa 
that we do not believe are Xomadinae; if we are correct his 
group was not monophyletic. Moveo\er, on the basis of in- 
formation then available, he considered the Exomalopsini 
to be the outgroup; his polarization of some characters 
would therefore ha\e differed from ours. 

The Tetrapediini includes both Tetmpedia and the para- 
sitic genus Coelioxoidesm Analyses A and C (Cladograms la, 

1 b) , Thus the placement of CoeUoxoides by Roig-Alsina ( 1 990) 
is supported. 44ie Uvo genera are so different {CoeUoxoides 
being parasitic) , howevei , that the\’ might well be placed in 
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separate subti ibes. Since each would include onb’ one 
genus, such subtril)es would sene little purpose. 

In .\jiahses A and C> the Anthophorini and Centridini are 
sister groups whereas in Analysis C (hey are widely separated, 
and in D to F and H C.entridini appear as parapliyletic with 
.Anthophorini as the sister group either to Epichans (Anal- 
yses E, F, FI) or to Centns (Analysis D). We j^refer to regard 
the Anthophorini and Centridini as separate, probably 
monophyietic tribes (see, however, the cladograins of Sil- 
veira, 1993). The association ol the three genera of An- 
thophorini in our studv is consistent and we do not belie\ e 
that the tribal name Habropodini used by' Brooks ( 1988) is 
necessaiA. 

The tribes of the apine clade are Euglossini, Bombini, 
Apini and Meliponini. One of us (AR-A) would prefer to 
regard these as subtribes of a tribe Apini, to show their re- 
lationship to one another. The other (CDM) argues that the 
great differences among the four taxa justify' recognition of 
each at the tribal level. 

The many' common characters of the apine clade (Nodes 
25, 60) have been used in the past to justily family status. 
Michener (1944), however, united the Apidae and Ajitho- 
phoridae under the former name; we support this conclu- 
sion, although Michener (19(F5) later recognized the families 
as sej>arate. Those who would recognize a paraphvletic An- 
thophoridae from which Apidae arose must demonstrate a 
major gap in morphology between the two. In view' of the 
strength of Nodes 25 and 60, this is surprisingly hard to do 
when both sexes, both female castes, and all included taxa 
are considered. 

The arrangement of the lour tribes of the apine clade is 
the same for Analvses A, C, D, and H (Cladograins 1, 2, 3, 
and 5). This is one of Michener’s (1990c) two preferred 
arrangements; the other was a dichotomous arrangement 
(Michener’s Figure 1 ) which is not supported by our study . 
Our arrangement is also the same as that proposed bv Pren- 
tice (1991). 

There is no morphological support for the sister group 
relationship of Bombini and Meliponini proposed hv 
Cameron (1991) on the basis of mitochonclrial DNA se- 
quences and by Sheppard and McPherson (1991) on the 
basis of ribosomal DNA secjuences. 

The Ericrocidini and Melectini appear as sister groups in 
Analyses A and C (Cdadograms 1 and 2). Since the common 
characters that indicate their relationship (see discussion 
of Node 22 above) are not obMouslv convergent features re- 
lated to parasitic habits, these Uvo tribes mav be deri\ed from 
a common parasitic ancestor. 

The position of Osirini, Protepeolini, and Isepeolini well 
separated from the Nomadinae support the recent and 
sometimes tentative removal of these groups from No- 
madinae or placement of them as basal branches in analy- 
ses of parasitic, Ak)mada-\\kc bees (see Alexander, 1990; 
Roig-Alsina, 1991; and Rozen, Eickw'oi t and Eickwort, 1978). 

The Protepeolini (Lewpodus) appear in different posi- 
tions in different trees. Tlie association with Isepeolini in 
Cladograins 1 and 2 is weak. Fhe lanal characters indicate 


wide separation of the two tribes (Cladogram 4) and this is 
maintained in Cladogram 5. The modification of the nieta- 
somal apex associated with egg laving by' parasites is so dif- 
ferent as to suggest separate origins for the two tribes from 
nonparasitic ancestors. In any ewent, it seems best to sepa- 
rate Protepeolini and Isepeolini at the tribal level since the 
evidence for a sister group relationship is weak. 

Protepeoliis Tinsley and Michener is a junior svnonvm of 
Lei opod us Simih (Roig-Alsina, new synonvmy) but the tril^al 
name is still Protepeolini. 

The Exomalcjpsini in all cladograins based on adults ap- 
pears to be a paraphyletic unit. In Analyses A and C this tribe 
seems far from the base of the Apinae. However, w hen one 
considers the small number and weakness of characters of 
Nodes 9, 17, 19, and 27 or 43, 44, 51, and 52, the ExomaT 
opsini are seen to fall rather near the base of the Apinae. 
In Analysis D (Cladogram 3) they form the base of the large 
sister group to the Xylocopinae and thus constitute the 
base of the Apinae, a position not inconsistent with the lar- 
val information (Analysis E, Cladogram 4); lanae ha\ e not 
been described except for Exomalopsis, In Analysis H (Clado- 
gram 5), how'e^'er, appears with Paratetrapedia ’m 

the Tapii:iotaspini as the sister group to Einphorini and Eu- 
cerini. 

As noted above in the discussion of Analysis A, Node 29 
is supported by three characters that appear in that node, 
characterize the Exomalopsini, and reverse in Node 33. 
Further analysis will probably reveal more characters with 
this distribution and show that the Exomalopsini is mono- 
pi uietic. We recognize it as a tribe even if it is paraphyletic. 
Reanalvsis by Silveira ( 1 993) has proMcled better but not de- 
cisive eMdence that it is monophyietic. 

Taxa sometimes included in the Exomalopsini that are 
here show'u to be distinct and not necessarilv closely related 
to it are the Ancy lini, the Tapinotaspini, and the genus An- 
rylosrelis in the Einphorini. 

TheAncy lini {Afuyln iind Tarsalia, only the latter included 
in our study) appears in Cladograins 1 a and 1 b as the sister 
group to the Eiicei ini; in the consensus tree for Analy sis A, 
it is in a poly lomv with Eiicentioda and the other Eucerini. 
In Analysis C the consensus tree shows it in a poly tomy with 
four other taxa, one of w hich is the Eucerini. In Analy sis D 
the consensus tree places Tarsalia, Eucerinoda, other Eucer- 
ini, and bve other taxa in a jjolytomy'. Our impression was 
that Ancylini repre.sents a basal branch of the eucerine clade 
but since the e\idence was not clear, we maintained Ancylini 
as a tribe. Silveira (1993), however, has reexamined the 
data, added Ancsla to his anahsis, and concluded that a sis- 
ter-group relationship to the Eucerini is not likely . 

The Eucerini appear consistently as a clade including as 
its basal branch the Chilean genus Eucennoda. Lan ae of the 
latter are unknow n but lan'al characters group other Euceiini 
(Cladogram 4) . Eucennoda lacks various features of the pre- 
Mously recognized Eucerini including the long paraglossae, 
hitherto considered a unique feature of the tril)e. We there- 
fore recognize two subti ibes, Eucerinodina and Eucerina, 
relegating the former Eucerinodini to siibtribal status. 
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Canephomln tails easily within the Encerina and therefore 
the tribe ("anephoriilini \anishes. 

The genera of Einphorini are consistently grouped, with 
Ancyloscelis as sister to the others. Placement o^ Ancyloscelis 
in the Einphorini was suggested earlier bv J. S. Moure (in 
litt.). It is different enough from other Einphorini that we 
propose subtribal status for it, the Ancyloscelina new stib- 
tribe, as distinguished from Emphorina. 

The C'tenoplectrini, the remarkable features of which 
led to its recognition as a distinct famih* (e.g., Michener and 
Greenberg, 1980), is a tribe of Apinae. The cliaracters that 
led Michener and Greenberg to place the Ctenoplectridae 
as the sister group to all L-T bees arc now recognized as re- 
versals in the mouthparts toward S-T bee characteristics 
(see Introduction; also Siheira, in pr ess). 

The Tapinotaspini is a new family-group name for a dis- 
tincti\ e group of genera formerly included in Exomalops- 
ini. These genera are those of sections I, 2, and 5 of 
Exomalopsini as understood by Michener and Moure (1957); 
in that work the relationship cT these three secticjns was rec- 
ognized. The proposed relationships of Caenonomada to 
Centridini, Rhath\'inini and Ericrocidini (Snelling and 
Brooks, 1985) and o[ Monoeca to Centridini (Neff and Simp- 
son, 1981) are not supported. 

COXCLl DING REMARKS 

Our work was based on exemplars of a limited list of gen- 
era. Familiarity with other species and other genera suggests 
to us that most of tlic character states tliat we recorded apph 
also to the relatives of each exemplar. But we know’ of cases 
in which this is not true for certain characters, and there 
arc doubtless manv more such cases. Each group needs to 
he more broadly examined to clarifv such matters. More- 
over, each group needs to be reanalyzed not onlv to include 
genera and species that we did not studv in detail, but to 
re-evaluate the characters that we did use. 

Among the difficulties in a study of a large group such as 
the L-T bees are selection of synapomorphic characters 
and coding of their states. One would bias the results un- 
duly toward the prior classificatioir b\ using only those char- 
acters already known to distinguish recognized taxa; in L-T 
bees another problem resulting from such a policy would 
be too few’ characters for a reasonable analysis. We there- 
fore used as manv polarizable characters as we could find 
that w ere not autapomorphic at the level of our exemplars. 
Many of these characters had low’ consisienc\ indices, re- 
versing and rereversing, or a given state appearing to have 
evolved repeatedlv among di\erse taxa. These characters, 
howe\er, may be phvlogenetically important within smaller 
groups, such as a tribe. Homologies can be more certainly 
appraised within such a group. For such a study the polar- 
ity of sonte characters may be altered relative to our stud\ ; 
our polarization was for L-T bees as a wliole but for analy- 
sis of a smaller group such as a tribe, polarity should be de- 
termined on the basis of outgroups for that tribe. We hope 


our results will help in selecting such outgroups. Users of 
our w'ork for this purpose should iu)te, howe^’cr, that cer- 
tain nodes (we list the worst above) are weak: outgroups 
should be selected as though tiiese nodes were poh tomies 
even though they mav be supported in consensus trees. 
Wlien le\els of homoplasy are high, as thevwere in this study, 
minimum-length trees based on jjarsimony may be ex- 
tremely unstable in the face of additional characters or 
taxa, so that w eak nodes should ne\ er be taken too serioush . 
As indicated in the section on (dassificatoiy Results, we 
here rejjort reanalyses, with additional characters and re- 
polarizations as necessan’, for the tril:>es of Xylocopinae 
and Nomadinae. Morcnwer Siheira (1993) has made such 
a reanalysis of the Apinae. 

Some preliminaiy’ biogeograpiiical comments based on 
the distributions of the 41 terminal suprageneric taxa of L- 
T bees are now’ possible. The numbers of such taxa in major 
biogeographical regions are as follows: neotropical 29, 
nearctic 25, palearctic 20, subsaharan /Mrica 1 7, oriental 16 
and Atistralia including New’ Cminea II. In general these 
numbers are correlated with the climatic and ecological di- 
\ersity of the areas. The neotropical region has the great- 
est number of taxa. Its great importance for bee taxa is 
f urther shown by the fact that it is the area of maximum di- 
versity for several widespread taxa: Litluirgini, Epeolini, 
and Meliponini. The neotropical region also has the great- 
est climatic diversitv — tropical forest, savanna, southern 
temperate areas, mountains, deserts, etc. North America has 
great diversity but the North American tropics are placed 
in the neotropical region: if one excludes basicallv neotrop- 
ical taxa that range into the southern nearctic, there are onlv 
20 nearctic taxa. 

Of greater interest are the possible contributions of dis- 
tributional patterns to our knowledge of antiquin’ of taxa. 
Fourteen of the taxa are restricted to the neotropical region 
or are basically neotropical but extend north onh into the 
southwestern nearctic region. Absence of these taxa from 
Africa suggests that they are probably of more recent origin 
than the full separation of South /Vmerica and .Africa: it w as 
probably Eocene or later before the Atlantic w as wide enough 
to form a long-term barrier for filing insects like bee.s. 

Tw o pairs of tribes, each of w hich may owe its diialit)’ to 
the long isolation of South America after its separation 
from Africa, are the Anthophorini-Genuidini and the Melec- 
tini-Ericrocidini. (The sister-group relationship of An- 
thophorini and Centridini is bv no means certain.) In each 
case the first listed tribe is wideh distributed but scarce or 
(for Melectini) absent in South America, while the second 
is principally South American, although ranging north in 
reduced diversit) into the southwestern United States. The.se 
tribes are therefore likely to be \ ounger than the separation 
of Africa and South America. These pairs are not inde- 
pendent; the Melectini are clejjtoparasites of Anthophorini, 
the Ericrocidini, of Centridini. 

The Fideliini, a relict groiij) now’ found in desertic areas 
of southern Africa, with one species of Fidelia in Morocco 
and the genus Ncofidelia in central ( Tile, may once have lieen 
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widespread, or an old, liniiled distribiuion may have been 
di\ided by ihe spreading Atlantic Ocean. 

The pantropical Mdiponini, which occurred as far north 
as the Baltic region in late Eocene times and as Xew Jer- 
sey in late Cretaceous, probably owes its wide distribution 
to its anti(juit). Nonetheless, no genera are the same on both 
sides of the Atlantic Ocean (Michener, 1990c) although Tiig- 
ona occurs both in the neotropics and in the Indoaiis- 
tralian region; the genera are probably more recent than 
the Atlantic. 

fOr the inajoritA’ ol bee family-group taxa, fossil evidence 
is totally lacking. Fossils of Meliponini are mentioned above; 
for comments on the reliabilit) of the late Cretaceotis date 
for Trigona, see Rasnitsyn and Michener (1991 ). Othenvise, 
among L-T bees, the apine clade has well-presen ed and iden- 
tifiable fossil species as old as the Eocene (Zetiner and Man- 
ning, 1976); forms assigned to the Cienoplectrini ma\ be 
misplaced. 

There is not even a tendency for old taxa (as judged by 
the fossil record) tc) be near the bases of the cladograms. 
Of com se the fossil record is extremely fragmentaiT and bi- 
ased toward taxa that collect resin for nesting purposes and 
thus occasionally are trapped in it and fossilized in amber. 
Tlie fragmentan record that we have, howe\er, and the fact 
that bee evolution may not have begun until the rise of the 
angiosperms in the early Cretaceous, suggest that there 
ma)* have been a rapid early radiation, followed by relative 
stasis in some clades. Families well represented in Australia 
are S-T bees (Colletidae, Stenotritidae, and I lalictidae) and 
the Colletinae show congeneric relationshij^s to Sotith 
American forms. Therefore the major radiation of S-T bees, 
at least the Colletinae, prestimablv preceded the inlerrtip- 
tion of the Australian-South American biotic exchange 
through Anlarctica. 

There are no famih-group taxa of fv-T bees limited to or 
high!) diversified in Australia. Therefore L-T bees there are 
relati\elv recent arrivals, and L-T bees as a group must be 
more recent, at least in the southern hemisphere, than the 
time when Australia became isolated from other land masses. 
I'hus the major earlv radiation of L-T bees either postdated 
that time or possibh was in other parts of the world. 

Appendix; NUMBER OFTUBUITS IN REPRODUCTrVT 
ORGANS 

Tlie number (T ovarioles per ovaiy and (j 1 sp<.‘tm tiil)ules per 
testis (("liaracter LM ) is one of the strongest ciiaracters for sepa- 
rating lamilies of L-T bees. Of course dissections have noi been 
made for all genera; exceptions may yet be found. Based on the 
literature and our own disseciions, the numbers are the same for 
ovaries and testes, and arc three for S-T bees and megachilids, four 
(oi Apidae except that in Ajjis and some parasitic groups (No- 
madinae, Ericrods) there are even more. 1 Ids statement is based 
in pan on the literaiure (Alexander and Rozen, 1987; Iwata, 19,5.5; 
Iwata and Sakagami, 1966; Rozen, 1986; Rozen and Roig-Alsina, 
1991 and numerous works on haliciid and allorlapine bee lile his- 
tories and social biolog\, in which ovarian development has been 
routinelv examined, and number of marioles incidentallv re- 
ported or illustrated; sec citations in Michener, 1979, 1990a, b). 
In addition the results ot new disseciions are listed below: 


Females, number olOvarioles jDer ovan : Manudia gayalniu (Spin- 
ola), 4; Anrylo.scelis apifonnis (Fabricius), 4. 

Males, number of tubules pei testis: Hespnapis Stev ens, 

3; Antludhun /;o/7cr<?c Cockerell, 3; Megnchile mnidica Cresson. 3; 
MrgadliE pehdnnsCvcssim , 3; Xylocopa virghuca (Linnaeus), 4; Cn- 
adtui cfilairata Rol>ei tson, 4; Tmpeolus dislinrlus Cresson, 5; Boni- 
bus pennsylvanicus (DeCeer), 4; Bombus bimandalns Cresson, 4; 
Eughssn viridissima Friese, 4; Exomalopsis pygmam ((aesson), 4; 
Eamlelrap(’dias\)., 4; Elilolhnx bombijonnis (Cre^sson), I; Diadasia bam 
(Vachal), 4; Melissodes agdis Caes.son, 4; Svastra oblkpui (Say), 4; /U- 
ponapis pmmosa (Sav ), 4; Andiophora zerz/.s/nV C a esson, 4: fhibropoda 
pallida (Timberlake), 4; Cratns atnpes .MocsaiT, 4, 
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